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The Mekong Delta is the key region in Vietnam for economic development 
mainly in agriculture and aquaculture, since the area has a high annual production 
for domestic use and also for export. The economical importance of this area is 
thanks to the great Mekong River, that provides water and fertile alluvium for the 
delta. The economic development increased very fast in recent decades and it 
influenced strongly the environment, in particular the estuarine ecosystem since it is 
sensitive to impact. Moreover, the Mekong estuarine system is expected to be 
seriously impacted by climate changes and sea level rise as well as the lack of 
freshwater supply from upstream due to the construction of numerous hydropower 
dams for energy. Therefore, this area was especially paid attention to by the 
government and scientists in order to identify a better strategy for sustainable 
development.  
This PhD study focused on the ecology of the meiobenthos of the intertidal 
sediments of all Mekong estuaries with special emphasis on nematode communities. 
Baseline information on meiofauna communities in the Mekong delta can be applied 
in environmental monitoring, and possibly also in more advanced studies for better 
understanding of the estuarine ecology.  
This thesis consists in total of 7 chapters including a general introduction 
and discussion. Each chapter describes different aspects of the meiofauna and 
nematode communities. Chapter 1 introduces general characteristics of estuaries, the 
specific conditions of the Mekong delta and the general characteristics of meiofauna 
in estuaries and their potential use for monitoring based on what is known so far. At 
the end of this chapter we also introduced the overall objectives of this study which 
are: a) to provide a baseline study on the characteristics of the intertidal meiobenthos 
assemblages with emphasis on nematode communities; b) to investigate which 
factors influence their community structure and distribution; c) to understand better  
the link between morphometry and biomass of nematode communities and  other,  
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more functional features of the communities on one hand and environmental factors 
on the other; f) to estimate how seasonal variation effects the nematode communities 
in comparison with spatial factors. In order to achieve these objectives, up to 31 
stations were sampled for meiofauna and selected environmental variables along the 
8 major estuaries of the Mekong covering the oligo- to polyhaline salinity ranges. 
In chapter 2, we studied the meiofauna and nematode communities in each 
time one intertidal station from the mouth of all 8 estuaries sampled in the wet 
season. The study was explorative and intended to estimate the sampling efficiency 
in order to identify to what extent different spatial scales (from replicates to 
estuaries) contribute to the total variation in biodiversity. The meiobenthos 
assemblages in the mouth stations of the Mekong estuarine system are characterized 
by high diversity, high densities, and a dominance of nematodes in all 8 stations. 
The partitioning of the nematode genera richness at different spatial scales revealed 
that nearly 70 % of the genera richness is contributed to by the different estuaries. 
The increase in number of genera with increasing sampling intensity illustrate that 
the diversity is underestimated and would have been higher if we had considered a 
larger number of individuals, more replicates per station, and more sampling 
stations.  
Chapter 3 reports on the meiobenthos assemblages in five estuaries: Cua 
Tieu, Cua Dai, Ba Lai, Co Chien and Dinh An sampled in the dry season. In this 
chapter, the composition, densities, biodiversity and also the structure of 
meiobenthos were studied in detail. Furthermore, the relationship was investigated 
between characteristics of the meiobenthos assemblages with environmental 
variables such as dissolved oxygen, pH, salinity, temperature of the overlying water 
and median grain size, density of coliform bacteria, nutrient and pigment 
concentrations in the sediment. In total, 21 major taxa of meiofauna were recorded 
over the 19 sampling stations. The percentage of nematodes in the meiobenthos 
communities always dominated with 40% to 98%. The densities of the meiofauna 
ranged from 101 to 3676 ind./10cm
2
 on average. There was no significant trend 
along the salinity gradient but meiofauna densities were significantly correlated with 
sediment pigment concentrations. Diversity showed a positive correlation with 
dissolved oxygen in the overlying water. It was further concluded that the observed 
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densities of the intertidal meiofauna in the Mekong delta are high compared to other 
estuaries worldwide. 
Details on the nematode communities in the 8 Mekong estuaries were 
further provided in the chapters 4, 5 and 6. In these chapters, the characteristics of 
nematode ecology were step by step explored. In chapter 4, the densities, 
biodiversity, trophic composition, and community structure of 3 to 4 stations per 
estuary were analysed in relation to the most relevant environmental variables. 
There were in total 230 nematode genera recorded.  
The nematode communities showed a strong correlation with sediment 
composition and to a lesser degree also with chlorophyll a leading to the 
identification of 4 types of communities each with their particular characteristics. 
We identified two types of Desmodora communities in the sandy mouth stations and 
two types of Parodontophora communities in the silty stations. One of the silt 
associated communities shows a preference for the higher chlorophyll a 
concentrations, resulting in higher densities and higher diversity mainly of 
monhysterid species. Because of the strong association between community 
structure and sediment composition, it was suggested that nematode genera analysis 
is a meaningful tool for monitoring changes in their environment. In case their 
community deviates from what is expected based on sediment it may serve as an 
early warning for anthropogenic impact effects.   
In chapter 5 the temporal variation of the nematode communities in the 8 
mouth stations of the Mekong River system was addressed in order to understand to 
what extent the communities vary between two seasons. A high temporal variation 
could complicate their use in monitoring studies. The nematode communities were 
characterized in terms of densities, diversities, maturity index, trophic structure and 
genera composition. The results showed that there was no particular temporal trend 
in variables measured except for the diversity index expressed by the Shannon – 
Wiener index which showed a significant, but weak difference between seasons. It 
was confirmed that the spatial differences are larger than the temporal variation. 
Sediment composition remained the most important factor explaining the 
community patterns. Only the genus Oncholaimellus showed a high temporal 
variation in abundances in three of the sandy mouth stations. It is unlikely that this 
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variation is explained by seasonal processes, since the increase in abundance of this 
genus was not associated with one season only.   
In chapter 6 the nematode morphometry and biomass were investigated at 
the mouth of 8 Mekong estuaries and in 3 additional stations along the Co Chien 
estuary. We investigated to what extent morphometry and biomass of nematodes 
was related to other community characteristics or to the present environmental 
gradients. The average nematode lengths at the mouth stations were significant 
larger than the nematodes at stations along the Co Chien estuary. There were no 
significant differences found in the case of nematode width, L/W ratio, individual 
biomass and total biomass between stations at the estuarine mouth and along the Co 
Chien estuary. This study further showed that nematode morphometry and biomass 
distribution reflect specific modes of life, or ecological interactions in terms of 
feeding strategies, life history and diversity. There were also particular morphotypes 
promoted in specific environmental conditions. Over the whole area and especially 
along the mouth stations, nematodes were especially longer in sandy substrates 
where chlorophyll a concentrations were low. This was explained by the increase in 
predators and the decrease in small opportunistic deposit feeders. When the silt 
fraction increases, together with the pigment concentrations, especially along the Co 
Chien estuary, the number, total biomass and abundances of small opportunistic 
genera increased, resulting in a lower maturity index and a higher number of genera.  
With this study we increased our understanding of meiobenthic ecology of 
an important area such as the Mekong estuarine system, since this work is the first 
comprehensive study dealing with meiobenthos and nematode communities in this 
area. The methodology and approach in this work was traditional but provided 
important ecological information on nematodes at the community level. This work 
generated a momentum to strengthen our researches going further into the ecology 
of free living marine nematodes in this area, but also to further develop a 
biomonitoring program for the area. In this research, it was found that nematode 
characters and communities structure expressed to a great extent the ecological 
conditions in the Mekong estuarine area. Moreover, since the seasonal variation in 
nematode communities in the Mekong estuarine area is rather low, it supports the 
idea of using them as bioindicator for environmental monitoring. Other advantages 
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of using nematodes as a tool for environmental monitoring in the Mekong delta is 
that they are relatively easily sampled and sorted, although identification at genus 
level needs expert training. Therefore, we conclude that nematodes can be used as a 
bioindicator which can provide a powerful tool in an environmental monitoring 













































De Mekong Delta is de sleutelregio in Vietnam voor economische 
ontwikkeling, vooral in de landbouw en de aquacultuur, omdat het gebied 
gekenmerkt is door een hoge jaarlijkse productie van gewassen en dierlijke 
productie voor zowel huishoudelijk lokaal gebruik als voor de export. De 
economische betekenis van dit gebied is te danken aan de grote Mekongrivier die 
zowel  zoet water als vruchtbaar alluvium aanvoert naar de delta. De economische 
ontwikkeling is zeer snel gestegen in de afgelopen decennia en dit proces heeft ook 
het milieu sterk beïnvloed , in het bijzonder het estuariene ecosysteem, omdat het 
erg  gevoelig is voor verstoring.  Bovendien zal het toekomstig Mekong estuariene 
systeem  naar verwachting ernstig worden beïnvloed door klimaatsveranderingen, 
zeespiegelstijgingen en het ontbreken van zoetwatervoorziening stroomopwaarts als 
gevolg van de bouw van talrijke dammen voor energie. Daarom werd  aan dit gebied 
in het bijzonder aandacht besteed door de overheid en wetenschappers om een betere 
strategie voor duurzame ontwikkeling te bepalen. 
Dit doctoraatsonderzoek richt zich op de ecologie van het meiobenthos van 
de getijdenzone van alle Mekong estuaria met speciale focus op 
nematodengemeenschappen. Basisinformatie over meiofaunagemeenschappen in de 
Mekong-delta is belangrijk voor verdere  toezicht op de toestand van het milieu, en 
mogelijk ook in meer geavanceerde studies voor een beter begrip van de estuariene 
ecologische processen. 
Dit proefschrift bestaat in totaal uit 7 hoofdstukken, waaronder een 
algemene inleiding en discussie. Elk hoofdstuk beschrijft  verschillende aspecten 
van de meiofauna en nematodengemeenschappen. Hoofdstuk 1 introduceert de  
algemene kenmerken van estuaria, de specifieke omstandigheden van de Mekong-
delta en de algemene kenmerken van de meiofauna in estuaria en hun potentieel 
gebruikt voor monitoring op basis van wat tot nu toe bekend is. Aan het einde van 
dit hoofdstuk worden ook de algemene doelstellingen van deze studie 
geïntroduceerd.  Deze zijn: a) een baseline verstrekken over de toestand van het 
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meiobenthos in  het intergetijdengebied met de nadruk op de 
nematodengemeenschappen;  b) inzicht verwerven over welke factoren de 
gemeenschapsstructuur van het meiobenthos beïnvloeden;  c) een verband detecteren  
tussen de morfometrie en de biomassa van nematodengemeenschappen en andere, 
meer functionele kenmerken van de gemeenschappen aan de ene kant en 
omgevingsfactoren aan de ander; , f) in te schatten hoe seizoensgebonden variatie de 
nematodengemeenschappen beïnvloedt in vergelijking met ruimtelijke factoren.  Om 
deze doelstellingen te bereiken werden tot 31 stations  bemonsterd voor meiofauna 
en geselecteerde omgevingsvariabelen langs de 8 grote estuaria van de Mekong, zich 
uitstrekkend  van de  oligo-tot  polyhaliene zones. 
In hoofdstuk 2 werden de meiofauna- en nematodengemeenschappen 
bestudeerd in telkens één intergetijden station gelegen aan de monding van alle 8 
estuaria. De studie was verkennend en bedoeld om de bemonsteringsefficiëntie te 
schatten teneinde vast te stellen in welke mate de verschillende ruimtelijke schalen 
(van replica naar estuaria) bijdragen tot  de totale variatie in biodiversiteit. De 
gemeenschappen in de 8 stations aan de monding van de Mekong estuaria  worden 
gekenmerkt door een grote diversiteit, hoge dichtheden en een dominantie van 
nematoden. Bij een vergelijking van de bijdrage van de verschillende ruimtelijke 
schalen op de totale generarijkdom blijkt dat bijna 70% van deze variatie wordt 
bepaald door de verschillen tussen de estuaria. De toename van het aantal genera 
met toenemende bemonsteringsintensiteit op alle schalen illustreert dat de totale 
biologische verscheidenheid wordt onderschat en hoger zou  zijn geweest als we 
hadden overwogen een groter aantal individuen, meer  replica’s  per station, en meer 
stations per estuarium te beschouwen  in onze studie. 
In hoofdstuk 3 rapporteren we over de meiobenthosgemeenschappen in vijf 
estuaria: Cua Tieu, Cua Dai, Ba Lai, Co Chien en Dinh telkens bemonsterd in het 
droge seizoen. In dit hoofdstuk werden de samenstelling, dichtheid, biodiversiteit en 
ook de structuur van meiobenthos in detail bestudeerd. Verder werd de relatie 
onderzocht tussen kenmerken van de meiobenthosgemeenschappen met 
omgevingsvariabelen, zoals opgeloste zuurstof, pH, zoutgehalte, temperatuur van 
het bovenliggende water, mediane korrelgrootte, dichtheid van coliforme bacteriën, 
nutriënten en pigmentconcentraties in de sediment. In totaal werden 21 hogere taxa 
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van meiofauna gevonden  over  een totaal van  19 stations. Nematoden waren steeds 
dominant binnen de meiobenthosgemeenschappen  met 40% tot 98%. De dichtheden 
van de meiofauna varieerden van 101 tot 3676 inds/10cm² gemiddeld per station. Er 
was geen significante trend langsheen de saliniteitsgradiënt, maar 
meiofaunadichtheden waren significant gecorreleerd met  pigmentconcentraties in 
het sediment. Diversiteit van het meiobenthos vertoonde een positieve correlatie met 
opgeloste zuurstof in het bovenliggende water. Ook werd vastgesteld dat de 
waargenomen dichtheden van het meiobenthos in de getijdenzone van  de Mekong 
delta hoog zijn in vergelijking met andere estuaria wereldwijd. 
Kenmerken van de  nematodengemeenschappen in de 8 Mekong estuaria 
werden verder  genalyseerd in de hoofdstukken 4, 5 en 6. In hoofdstuk 4 werden de 
dichtheden, biodiversiteit, trofische samenstelling, en gemeenschapsstructuur van 3 
tot 4 stations per estuarium geanalyseerd in relatie tot de meest relevante 
omgevingsvariabelen. Er waren in totaal 230 nematodegenera gevonden. De structur 
van de nematodengemeenschappen vertoonde een sterke correlatie met 
sedimentsamenstelling en in mindere mate ook met  chlorofyl a . In totaal werden  4 
soorten gemeenschappen geidentificeerd elk met hun specifieke kenmerken. We 
onderscheidden twee soorten Desmodora gemeenschappen in de zandige 
mondingstations en twee soorten Parodontophora gemeenschappen in de slibrijke 
stations. Eén van beide slibgemeenschappen vertoonde een voorkeur voor hogere 
chlorofyl a concentraties wat resulteerde in hogere dichtheden en een hogere 
diversiteit, hoofdzakelijk door de aanwezigheid van talrijke monhysteride soorten. 
Vanwege de sterke associatie tussen de gemeenschapsstructuur en de 
sedimentsamenstelling, werd gesuggereerd dat een analyse van de gemeenschappen 
op genusniveau een zinvol instrument is voor het opvolgen van veranderingen in het 
intergetidenmilieu. In het geval dat de gemeenschapssamenstelling va nematoden 
afwijkt van wat verwacht wordt op basis van het sediment,  kan dit gebruikt worden  
als een vroege waarschuwing voor verstoringseffecten. 
In hoofdstuk 5 werd de temporele variatie van de 
nematodengemeenschappen in de 8 stations aan de monding van de Mekongestuaria 
geanalyseerd om te begrijpen in welke mate de gemeenschappen variëren tussen 
twee seizoenen. Een hoge temporele variatie kan immers het geruik van 
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meiobenthische gemeenschapsstructuur  in monitoringstudies bemoeilijken. De 
nematodengemeenschappen werden gekarakteriseerd in termen van dichtheden, 
diversiteit, maturiteitsindex, trofische structuur en aandeel juvenielen/adulten. De 
resultaten toonden aan dat er geen significante temporele  trend i in 
gemeenschapsvariabelen  wordt gemeten, behalve voor de diversiteit  uitgedrukt 
door de Shannon - Wiener index die een statistische significant, maar zwak verschil 
tussen de seizoenen vertoont.  Er werd bevestigd dat de ruimtelijke verschillen 
groter zijn dan de temporele variatie. Sedimentsamenstelling bleef de belangrijkste 
verklarende factor voor de gemeenschapspatronen. Alleen het geslacht 
Oncholaimellus vertoonde een hogere temporele variatie in abundanties in drie van 
de zandige  stations aan de monding. Het is echter onwaarschijnlijk  dat  deze 
variatie wordt verklaard door seizoensgebonden processen, aangezien de sterke toe- 
of afname  van deze soort  niet steeds met hetzelde seizoen werd  geassocieerd. 
In hoofdstuk 6 werd de morfometrie en biomassapatronen van de 
nematoden  onderzocht in 8 stations aan de monding van respectievelijke Mekong 
estuaria en in 3  bijkomende stations langs de saliniteitsgradient  van het  Co Chien-
estuarium. In dit hoofdstuk werd onderzocht in hoeverre de morfometrie en 
biomassa van nematoden is gerelateerd aan andere gemeenschapskenmerken of aan 
de aanwezige omgevingsgradiënten. De gemiddelde nematode lengte (L) in de 
monding stations was significant groter dan die van de nematoden gevonden 
langsheen het Co Chien-estuarium.  Er zijn  geen significante verschillen gevonden 
in nematode breedte (B),  L / B-verhouding, individuele biomassa en totale biomassa 
tussen stationsvan de  monding en langs het Co Chien estuarium. Dit onderzoek 
toonde verder aan dat morfometrie en biomassa van nematoden een relatie vertonen 
met specifieke levenswijzes , of ecologische interacties in termen van 
voedingstrategieën, levensgeschiedenis en diversiteit. Er werd  ook vastgesteld dat 
specifieke  morfotypes  geassocieerd zijn met  specifieke milieucondities. Over het 
hele gebied en vooral langs de monding van de estuaria vertonen nematoden een 
tendens om  langer te zijn  in zandige substraten waar chlorofyl a concentraties 
eerder laag zijn. Dit wordt verklaard door de toename van predatoren/aaseters  en de 
daling van kleine opportunistische deposit feeders. Wanneer het slib toeneemt  
samen met de pigmentconcentraties, vooral langs het verloop van het Co Chien 
xi 
 
estuarium, neemt de totale biomassa en de aantallen van kleine opportunistische 
genera toe wat resulteert in een lagere maturiteitsindex en een groter aantal genera. 
Met deze studie hebben we het inzicht in de ecologie van het  meiobenthos 
van een belangrijk gebied, zoals het Mekong estuariene systeem sterk vergroot. Dit 
is immers de  eerste uitgebreide studie over  meiobenthos en 
nematodengemeenschappen in dit gebied. De methodologie en aanpak in dit werk 
was traditioneel, maar verschafte belangrijke ecologische informatie. Dit werk levert 
een belangrijke baseline  voor verder meer geavanceerd onderzoek  naar de ecologie 
van vrijlevende mariene nematoden in de Mekong, maar ook voor de  verdere 
ontwikkeling van een biomonitoring programma voor het gebied.  In dit onderzoek 
werd immers vastgesteld dat de gemeenschapsstructuur van nematoden  in grote 
mate de ecologische bodemcondities van het Mekong estuariene gebied 
weerspiegelt. Aangezien de seizoensgebonden temporele variatie in de 
gemeenschapsstructuur van nematoden in de Mekong delta eerder  laag is, bevestigt 
dit  het idee van het gebruik ervan als bio-indicator . Andere voordelen van het 
gebruik van nematoden als instrument voor toezicht op het milieu in de Mekong-
delta is dat ze relatief gemakkelijk bemonsterd en gesorteerd kunnen worden, 
hoewel identificatie op genus niveau de nodige  training vraagt. Daarom 
concluderen we dat nematoden kan worden gebruikt als een bio-indicator-instrument 
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This PhD research concerns the ecology of the meiobenthos (i.e. metazoan 
organisms that pass through a 1 mm sieve and are retained on a 38μm sieve), with 
especial emphasis on the community structure of the nematode communities, in the 
Mekong estuaries of Vietnam.  In this introduction, four main topics were in general 
dealt with. Firstly, some general aspects of estuarine ecology including physical and 
chemical process and their influence on estuarine biota were mentioned in short. 
Secondly, a brief overview is given on what is known on the meiobenthic fauna 
from estuaries based on a selection of previous studies, their use in environmental 
biomonitoring and to what extent meiobenthos was already studied in Vietnam and 
in neighbouring countries. Thirdly, general characteristics of the great Mekong 
River and its estuarine system were addressed together with relevant ecological 
characters. Fourthly, the specific objectives of the PhD study and the thesis outline 
were addressed.  
1. Estuary and estuarine characteristics 
An estuary is known as the transition zone between areas with freshwater 
runoff from land and areas with increasing salinity when moving towards the open 
sea. Fairbridge (1980), followed by McLusky and Elliot (2004) definied an estuary 
as follow:  
“An estuary is an inlet of the sea reaching into a river valley as far as the 
upper limit of tidal rise, usually being divisible into three sectors: a) a marine or 
lower estuary, in free connections with the open sea; b) a middle estuary subject to 
strong salt and freshwater mixing; and c) an upper or fluvial estuary, characterized 
by freshwater but subject to strong tidal action. The limits between these sectors are 
variable and subject to constant changes in the river discharges”. In an ecological 
context, an estuary is the place where marine and limnetic ecological processes are 
interacting and connected throuh the transition or brackish zone that is primarily 
distinguished by fluctuations in salinity over time and space (Giere, 2009).     
In the estuarine region, salinity is the most important factor creating the 
unique estuarine ecosystem. The salinity level is highly influenced by tidal regimes 
(figure 1).  McLusky and Elliot (2004) introduced a classification of 3 main 
estuarine types based on the dynamics of salinity intrusion and freshwater runoff 
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together with evaporation: a) a positive estuary is where freshwater runoff is greater 
than evaporation, b) a negative or inverse estuary is where freshwater runoff is less 
than evaporation, and c) a neutral estuary is where freshwater runoff is equal to 
evaporation. Estuaries have a large diversity in shape and size but following the 
topography and landscape of estuaries, Fairbridge (1980) and Davidson et al. (1991) 
identified 9 types of estuary in the world. They are: fjords, fjards, rias, coastal plain 
estuaries, bar-built estuaries, complex estuaries, barrier beach, linear shore sites and 
embayments. In addition, McLusky and Elliot (2004) also provided a new 
classification of estuarine types depending on their tidal range: microtidal (tidal 
range less than 2m), mesotidal (tidal range from 2-4m), macrotidal (tidal range from 
4-6m) and hypertidal (tidal range higher than 6m).  
 
 
Figure 1. The landscape picture demonstrates the fluctuation of the salinity between 
low tide (blue line) and high tide (yellow line) on the bottom and on the surface of 







In estuaries, the tidally driven interaction between freshwater and saltwater 
generates a relative maximum in the concentration of suspended sediment matter. 
According to Allen et al. (1980), the causes for this turbidity maximum seem to be 
largely hydrodynamic in nature. Kempe (1986) indicated that things seem to be even 
more complicated in macrotidal influenced estuaries. Marine suspended matter 
moves upstream far beyond the tip of the salt wedge into the fresh water tidal reach. 
One reason for this transport is the asymmetry in flow velocity of the tides and the 
effect of neap and spring tidal cycles. Allen et al. (1980) explained by means of 
figure 2 the prolongation of the ebb tidal period as one proceeds upstream. 
Consequently the flood period becomes shorter but its flow velocity increases. Thus 
bottom sediments become more effectively eroded during flood than during ebb 
phases causing a successive deplacement of sediment upstream.  













Tide Amplification and Flood









Flood Ebb Flood EbbFlood Ebb Flood Ebb
 
Figure 2. Scheme of asymmetry effect of tides in an estuary with high tidal wave on 
upstream transport of suspended matter and its accumulation in a turbidity 
maximum (from Allen et al., 1980) 
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Estuaries are ecosystems intermediate between the sea and fresh water 
bodies which generates a complex dynamic mixture of transitional situations. It is 
almost never static and both physical and chemical factors show marked variations 
(McLusky and Elliot, 2004). Many of these factors are closely linked to the salinity 
distribution such as the strength of currents, tidal amplitude, wave strength, and 
deposition of sediments as well as temperature, oxygen, and the supply of nutrients. 
McLusky and Elliot (2004) also noted that the distributions of those factors are all 
interdependent. The pattern of distribution of these factors varies in estuaries 
depending on the topography and the volumes of water involved. 
The specific geobiochemical conditions in estuaries created unique 
communities of plants and animals that are adapted to the high fluctuations of 
salinity and associated factors. Estuarine regions can show a high productivity and 
biomass since many animals from marine or freshwater environments selected this 
habitat as feeding grounds or nursery grounds. McLusky and Elliot (2004) identified  
5 ecological categories of estuarine plants and animals: 1) oligohaline organisms 
which do not tolerate salinities greater than 0.5 but some of the oligohaline species 
persist at salinities up to 5; 2) ) true estuarine organisms which live in the longest 
part of estuaries  at salinities from 5-18; 3) euryhaline marine organisms which are 
living in estuaries with their distribution ranging from the sea into the central part of 
estuaries; 4) stenohaline marine organisms which occurs at the mouths; and 5) 
migrants being animals that migrate to estuaries in the breeding season.    
According to Flemer and Champ (2006), the Venice System for salinity 
zones in an estuary is a well-accepted method for characterizing salinity zones and 























Freshwater diversion compresses the 
nursery zone for estuarine organism’s 
life cycle development
 
Figure 3. The Venice System for salinity zones in an estuary after 
Lippson et al. (1979) 
 
Estuarine ecosystems do not only have very important ecological functions 
but they also play a great role in economic development. Estuaries are considered as 
zones with the highest concentration of anthropogenic activities along the coast 
(Nguyen, 2012). So these kinds of ecosystems are usually impacted and 
contaminated. The polluted situation influences estuaries in the sense that the 
balance of ecosystem processes is interrupted and biodiversity is reduced. Figure 4 
and 5 demonstrate the potential effects when organic loading is increasing in the 
estuarine habitat. When the organic matter waste or other nutrient sources (such as 
nitrogen, phosphorus and silica compounds) get in to the estuarine water they may 
sink to the bottom and create anoxic, sulphidic conditions due to increased bacterial 
activity. These processes have a negative impact on the aquatic animals in the 
estuarine water and on the benthic fauna in the sediment. Those animals can die due 
to the toxic environment or escape to other areas. Those influences may reduce 
significantly the biodiversity of the estuarine habitat. 
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Figure 4. The effect of enrichment to the aquatic animals in the estuarine 
ecosystem. (Adapted from http://en.wikipedia.org/wiki/file:scheme_eutrophication-
en.svg)  
Therefore, estuarine ecosystems are attractive for several decades to 
scientists in order to perform research and understand better this type of sensitive 
area. Also the benthos, including the meiofauna, which forms an important 
component of the estuarine food web (Hodda and Nicholas, 1990; Pinckney et al., 
2003) and the ecosystem in general, has been investigated in estuaries at different 
parts of the world.  
 
Figure 5. The model of benthic fauna response to organic enrichment presented as a 







RPD (Redox potential discontinuity) after Pearson and Rosenberg (1978) (illustrated 
picture adapted from www.ucd.ie/marbee/myriam_callier .html) 
 
2. Meiobenthos and nematode communities in the estuarine habitat. 
2.1. Characteristics of meiobenthos in estuaries 
According to Giere (2009), the term meiobenthos was introduced by Mare 
(1942) to define assemblage of benthic metazoans that can be distinguished from the 
macrobenthos by their smaller size. Since that time, there were many studies on 
meiobenthos carried out in the estuarine areas. Numerous interesting reviews of 
meiobenthos including from estuarine habitats were made (Heip et al., 1985; 1995; 
Higgins & Thiel, 1988; Coull, 1988; 1999; Giere, 1993; 2009). These reviews 
contributed highly to the knowledge on ecology and taxonomy of meiobenthos.  
In ecology, meiobenthos (or meiofauna) is characterized as benthic 
organisms which pass throught a sieve with mesh size 1000 µm and are retained on 
the sieve with mesh size 38 µm, living in the bottom of aquatic environments. In our 
study we only included the metazoans, similar to the original definition of Mare 
(1942). So any further use of the term meiofauna or meiobenthos in the text, refers 
to the metazoan meiofauna, unless indicated differently. These metazoans are 
represented by many invertebrate phyla. In estuarine meiofauna communities, 
nematodes were known usually as the most abundant taxon comprising 60 – 90% of 
the total fauna, whereas copepods are often the second dominant group with about 
10 – 40% (Coull, 1999). The other taxa are present in different proportions. 
Oligochaetes often occupy the upper estuary, and copepods and polychaetes the 
middle and lower estuary (McLusky & Elliot, 2004). Estuarine metazoan 
meiobenthos further includes Cnidaria, Turbellaria, Gastrotricha, Tardigrada, and 
Annelida, Nemertea, Gnathostomulida, Kinorhyncha, Loricifera, Priapulida, 
Halacaroidea, Ostracoda, Mystacocarida, Tantulocarida, Mollusca and Rotifera. 
Some other meiobenthic fauna represents juveniles of macrobenthos in certain times 
of the year and is considered temporary meiofauna.  
In estuary, meiobenthos is generally recognized to have less species than 
marine and freshwater habitats (Remane, 1933; Heip et al., 1995) and nematode 
species were also assumed to be lowest in number of species from 3 to 7 salinity. 
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Gerlach (1953, 1954) visualized this trend in a nematode species number versus 
salinity plot (figure 6) (Heip et al., 1985; 1995). The nematode communities in 
brackish habitat were reviewed by Heip et al. (1985). In this work, the authors 
identified at that time 155 nematode 
species that were found in brackish water 
so far but only 18 species were 
exclusively restricted to it. Later there 
were many other studies done on the 
diversity of meiobenthos and nematodes 
in estuaries (e.g. Soetaert et al., 1995; 
Ferrero et al., 2008; Moreno et al., 2008; 
Adao et al., 2009; Alves et al., 2009; 
Chen et al., 2012; Patricio et al., 2012) 
but they all showed different results 
(positive, negative or no correlation) in 
terms of the biodiversity in relation to 
the estuarine gradient.  




 (Coull, 1999) 
but can show a high variation depending on the habitat and estuary sampled from 6.3 
ind./10cm
2
 in the Hunter River Estuaries, Australia (Hodda and Nicholas, 1985) to 
21730 ind./10cm
2
 in the Somme estuary, North France (Soetaert et al., 1995). In 
general nematode densities in the intertidal habitat are higher than in subtidal 
habitats of estuaries (Soetaert et al., 1995; Ferrero et al., 2008). 
In addition, the biomass of meiobenthic and nematode communities in 
estuaries was also investigated widely: as part of the characterization of the 
communities and their distribution (e.g. Warwick and Gee, 1984; 
Ansari and Parulekar, 1993; Smol et al., 1994; Zhang et al., 2011), to estimate the 
production of meiofauna and nematodes and the annual production to biomass ratio 
(Hodda and Nicholas, 1990), and to identify their energy, carbon partitioning 
(Sikora et al., 1977; Kennedy, 1994; Li et al., 1997). The nematode biomass was 
also used in a study by Li et al. (1996) in which a model of nematode dynamics was 
Figure 5. Heip et al., (1985) described the
species – salinity curve from comparable







made based on biomass together with the proportions of the four feeding groups in 
relation to the environmental conditions.  
In brackish water habitats where the tidal regime affects the salinity and the 
sediment characteristics, these two factors are assumed to be the main determinants 
of the meiofauna distribution (Soetaert et al., 1995; Coull, 1999; Giere, 2009). 
However, the meiobenthos was considered, in contrast to macrobenthos and 
plankton, to be less constrained by a “brackish water species miminimum” (Remane, 
1940; Giere, 2009). Giere (2009) also mentioned that many marine and freshwater 
meiobenthos species have developed a high tolerance, not only to the high 
variability in salinity but also in combination with the variation in other 
environmental factors. Inspite of many taxa known to be negatively effected in their 
reproduction, since they only reproduce in a narrow range of the salinity gradient, 
they can probably survive in conditions of a large variation in salinity (Ingole and 
Parulekar, 1988; Giere, 2009).  
In estuaries, meiobenthos also have an ecological role by facilitating 
biomineralization of organic matter and enhancing nutrient regeneration (Coull, 
1999) since they have stimulatory effects on the microbial community. In this 
process, Tietjen (1980) reported four ways meiobenthos stimulate bacterial growth: 
(i) meiobenthos mechanically break down detrital particles and cause them to be 
more susceptible to increased bacterial action; (ii) meiobenthos directly excrete 
nutrients into the medium for microbial use; (iii) production of meiobenthos 
slime/mucus attracts that sustain bacteria growth; and (iv) by bioturbating 
sediments, meiofauna act as vertical conveyors within sediments, and between the 
sediments and overlying waters.  
Some studies have tried to model the estuarine energy flow or benthic food 
web in which meiobenthos potentially play important roles as predators, prey, 
detritovores or omnivorous (Hodda and Nicholas, 1990; Van Oevelen et al., 2006). 
There is also some conflict in understanding to what extent meiobenthos 
communities are controlled by predators. According to McLusky and Elliot (2004), 
the meiobenthos is being controlled more by predation which is contrasting to the 
point of view of Coull (1999) who noted that meiofauna reproduces so rapidly and 
so abundant that predators can not significantly reduce their population size. 
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Also following Coull (1999), meiobenthos, particular nematodes and 
copepods were found to be very good food for higher trophic levels because they are 
known to have a high nutritional value. For instances, copepods consist of a similar 
fatty acid composition, like the microphytobenthos which they consume, and 
required by many kind of fishes (Zander & Heymer, 1992; Stottrup, 1993; 
Ceccherelli et al., 1994). Also nematodes are consumed by juveniles of spot fish 
(Feller and Coull, 1995; Street et al., 1998) or mudskipper (Colombini et al., 1996). 
Despite the fact that the meiobenthos consists of organisms with small individual 
sizes, they can have a high productivity and may contribute substantially to the 
production of the estuarine benthos (McLusky & Elliot, 2004). In recent years, the 
study of the meiobenthos and nematode feeding ecology were enhanced by using 
stable isotope techniques in identifying interstitial trophic interactions (Moens et al., 
2002; 2005). This technique is based on the identification of the isotopic signature. 
The distribution and proportion of certain stable isotopes makes it possible to draw 
direct interferences regarding diet, trophic level, and subsistence. This technique is 
still a promising tool to understand further the estuarine food web. 
 
2.2. The use of meiofauna in monitoring 
Vincx and Heip (1987) mentioned that most ecological monitoring and 
ecotoxicological studies of the benthos have been concentrated on the macrofauna 
but the authors also referred to the study of Platt et al. (1984), stating that 
'macrobenthic analysis has failed to provide the answer; it is time to turn the 
spotlight on the meiobenthic'.  
Meiobenthos are known as a tool for ecological assessment and 
environmental monitoring (e.g. Sergeeva and Mikhailova, 1989a,b; Sergeeva, 1992; 
Kennedy and Jacoby, 1999; Gyedu-Ababio et al., 1999; Fabiano et al., 2004; Vassall 
et al., 2005; Moreno et al., 2008; Alves et al., 2009; 2013; Semprucci and Balsamo, 
2011; Balsamo et al., 2012) based on the facts that  they reflect changes occurring in 
the ecological state of benthic ecosystems. They are also supported by their direct 
benthic development, their lower mobility, their high species diversity, their short 
generation time, and their ubiquitous distribution. They are also particularly 





chemical and biological characteristics of the estuarine floor (Deeley and Paling, 
1999).  
These natural characters provide several advantages (Alves et al., 2013) in 
using metazoan meiobenthos as a biological indicator. Today meiofauna is even 
more recommended  in biomonitoring studies using new technologies and tools such 
as standardized methodologies, electronic identification keys, molecular approaches 
and the development of new indices (Balsamo et al., 2012).  
Estuaries are naturally stressed systems with a high degree of variability in 
their physical–chemical characteristics. Estuaries also usually support important 
economic activites and high densities of human populations. According to Smol et 
al. (1994) meiobenthos communities in the Oosterschelde estuary (the Netherlands) 
were impacted by anthropogenic hydrodynamic changes by decreasing the diversity 
but increasing the overall biomass. Hence, because of their high sensitivity to 
anthropogenic inputs, it makes meiobenthos excellent organisms for the study of 
estuarine pollution (Coull, 1999). 
Especially, nematode communities were often considered for ecological 
quality assessment and environmental monitoring. Heip et al. (1985) recommended 
the use of nematode (and meiofauna in general) as possible tool for detecting 
pollution. Marine nematodes have been suggested as potential pollution indicators as 
they possess some particular characteristics such as a short life-span and a high 
diversity (Heip, 1980).  Nematodes are also often the only remaining taxon in anoxic 
conditions. High load of organic matter can lead temporary to anoxic, sulphidic 
conditions. Some selected nematode taxa survive and even thrive in these conditions 
(Steyaert et al., 2003; Van Gaever et al., 2006) being considered as so-called 
‘thiobios’ (Giere, 2009). Van Colen et al. (2009) showed during a recolonization 
experiment after anoxia on an estuarine mudflat that specific nematode species 
survived while others recovered relatively quickly from this disturbance event, 
although no full recovery of the original communities was observed during the time 
of the experiment. Tools that were commonly used in the past with meiofauna as 
pollution indicators are the nematode : copepod ratio (with copepods being more 
sensitive to organic pollution and associated anoxia), diversity indices or graphical 
methods (K dominance curve) for representing the biodiversity, biomass spectra 
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(Lambshead et al., 1983; Vanaverbeke et al., 2003), or multivariate community 
analysis from a lower to a higher taxa level (Heip et al., 1985).  
Bongers (1990) stated that monitoring of physical or pollution-induced 
disturbances in aquatic environments has hitherto mainly been based on changes in 
diversity, dominance patterns or percentage. As an alternative method he developed 
the Maturity Index (MI) based on scores (c-p values) for specific nematode families 
on a so-called coloniser/persister (c-p) scale. Colonisers are nematodes that rapidly 
increase in number under favourable conditions. These nematodes have short life-
cycle, high colonization ability and higher tolerance to disturbance, eutrophication 
and anoxybiosis. The persisters are nematodes that have a low reproduction rate, a 
long life-cycle, low colonization ability and they are more sensitive to disturbance. 
Colonizers (c) and persisters (p) are extremes on a scale (c-p scale) from 1 to 5 
respectively. The c-p values are assigned to the families, and hence to the genera and 
species in the family. The Maturity index is calculated as the weighted mean of the 
individual c-p values: MI = (Ʃ vifi)/n) where vi is the c–p value for the nematode 
family i, fi is the frequency of nematode family i, and n is the total number of 
individual nematodes in the sample. Bongers et al. (1991) illustrated by means of a 
case study the use of the Maturity index for marine communities. He further adapted 
some of the c-p scores considering aspects of the evolution of nematode life history 
traits (Bongers, 1999). Bongers and Ferris (1999) further supported the use of the 
nematode community structure as a bioindicator tool in environmental monitoring 
due to some specific characters such as the fact they occur in any environment that 
provides a source of organic carbon in marine, freshwater and terrestrial 
environments, and their sensitivity to pollutants and environmental disturbance.  The 
authors further supported the use of the MI since it integrates the responses of 
different taxa and trophic groups to perturbation providing a powerful basis for 
analysis of faunal assemblages for in situ environmental assessment. The MI was 
also widely applied in ecological and environmental researches such as Yeates 
(1994), Soetaert et al. (1995), Neilson et al. (1996), Gambi et al. (2003), Neher et al. 
(2004), Gyedu-Ababio and Baird (2006), Schratzberger et al. (2006), Wilson and 





Coull (1999) also mentioned that using molecular biotechniques to assess 
genetic diversity of meiobenthos and nematodes also provided a good tool for 
recognizing polluted sites in ecology and for environmental surveillance since 
polluted areas may show less genetic diversity (Street and Montagna, 1996). There 
are also some molecular approaches for meiobenthos in pollution assessment studies 
by using the polymerase chain reaction (PCR) technique, sequencing and cloning 
(Bhadury et al., 2006; Ekschmitt and Korthals, 2009). Genomic changes may be 
directly attributable to a toxicant since they affect the genetic structure by mutation 
(Coull, 1999; Menzel et al., 2009). Since meiobenthos have a short generation time 
and since their association with the bottom sediment environment where usually 
toxic substrates are deposited, they may response quickly to impact. Therefore, these 
techniques are feasible to apply for environmental research on meiobenthos, 
particular nematodes due to their culturability, short generation time and large 
population sizes (Chandler et al., 1994; Coull, 1999). Hence, meiofauna and 
nematode can be introduced as useful bioassessors for risks in the estuarine 
environment (Bhadury et al., 2006). 
 
2.3. Investigations on meiobenthos and nematode communities Vietnam and 
adjacent regions. 
As introduced above the ecology of meiobenthos and nematodes in 
estuaries were well studied in many realms, particular on the European continent, 
United States, Australia, and to a lesser extent in Africa, Brazil and North West 
Asia. There is still very little ecological information on estuarine meiobenthos and 
nematodes in the South East Asian region, particular in the South Vietnam. Beside 
some studies on estuarine meiobenthos and nematodes from Asia (Ansari and 
Parulekar 1993, 1994, 1998; Ansari et al., 2001; Shabdin and Othman, 1999; Nozais 
et al., 2005; Liu et al., 2008; Zhang et al., 2011; Chen et al., 2012), there are also 
some ecological studies on estuarine meiobenthos and nematodes communities 
carried out in Vietnam (Doan and Nguyen, 2000; Nguyen and Nguyen, 2003; 
Pavlyuk and Trebukhova 2006; Ngo et al., 2007; 2010a,b; 2011; Pavlyuk et al., 
2008; Mokievsky et al., 2011).  
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There was however especially a large effort in Vietnam for taxonomic 
research to describe new species and genera. There are more than 84 new species 
and 3 new genera recorded along the Vietnam coast and estuaries, in which about 79 
new species come from the South Vietnam including the Mekong delta (Nguyen 
V.T., 2000, 2006, 2007; Nguyen and Gagarin, 2004a,b, 2009, 2011; Nguyen V.T. 
and Nguyen N.C., 2001; Nguyen V.T. and Nguyen T.T, 2001a,b; Nguyen V.T. et 
al., 2005; Ngo et al., 2007; Lai et al., 2009; Tchesunov and Nguyen, 2010; 
Tchesunov et al., 2010; Nguyen D.T. et al., 2008a,b; Nguyen D.T. et al., 2011; 
Nguyen T.T. et al., 2004; Gagarin et al., 2005), especially Gagarin and Nguyen 
(2003, 2004a,b; 2005;2006a,b,c,d; 2007a,b; 2008a,b,c; 2009a,b,c,d,e; 2010a,b,c; 
2011a,b). 
Although there are some ecological studies on estuarine nematodes in 
Vietnam, none of them was carried out in the vast Mekong estuarine area. The 
information about meiobenthos and nematode communities in this area is still not 
available whereas attention for this estuarine area is considered important for 
sustainable development in South Vietnam. This tropical estuarine system is 
impacted increasingly due to its economical development. Study of meiobenthos and 
nematode communities in this area can provide a method for measuring 
environmental health and detecting environmental impacts. As such it is an 
important case study related to tropical estuarine characteristics. 
 
2.4. Ecology of Mekong estuaries 
The Mekong is the tenth-largest river in the world (MRC, 2012, 
mrcmekong.org). The basin of the Mekong River drains a total land area of 795,000 
km
2
 from the eastern watershed of the Tibetan Plateau to the Mekong Delta. The 
Mekong River flows approximately 4,909 km through three provinces of China, 
continuing into Myanmar, Lao PDR, Thailand, Cambodia and Vietnam before 
ending into the East Sea. 
The geological shape of the Mekong delta in Vietnam was described rather 
in detail in two studies by Nguyen et al. (2006, 2008) and illustrated in figure 7. 
When the Mekong River enters Vietnam, it splits into two branches, the Bassac 





River). The Hau river approaches the sea by splitting into two estuaries: Tran De and 
Dinh An. The Tien river separates into two sub-branches at My Thuan: the Co Chien 
river and the My Tho river. At a distance of 30 km from the East Sea, the Co Chien 
river reaches the sea by two estuaries Co Chien and Cung Hau, while the My Tho 
















Figure 7. The Mekong River runs through many countries before forming an 
estuarine system in the Mekong delta in South Vietnam (modified from 
http://www.japanfocus.org/-Michael-Richardson/3210) 
 
In Vietnam, the Mekong delta is called “Cuu Long delta” which means 
“Nine Dragons” (MRC, 2012) since 9 river estuaries connected originally to the sea. 
However the Bassac estuary that comes from Hau River was highly deposited with 
alluvial clay and became a very small channel which connects behind the Tran De 
estuary. The Bassac estuary almost disappeared completely since 1970s.  
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Figure 8. Some landscapes from Mekong estuaries: a) Dinh An estuary, b) Cua Dai 
estuary, c) Cung Hau estuary, d) Tran De estuary 
 
The topography of the Mekong estuarine mouth is rather diverse but mainly 
consists of sandy beaches or alluvium deposits with dunes or mangroves as barriers 
between land and water. According to the classification of Fairbridge (1980) and 
Davidson et al. (1991), the Mekong estuaries are mixed estuaries with barrier 
beaches and linear shore lines because they have characteristics of both types of 
estuaries. They are an open coast system where a bar or barrier develops offshore 
and they were formed where the shore is sheltered, for example, by barrier sand 
dune islands.    
Different from other great rivers in the world, the Mekong River runs 
through many high mountains and brings with it a water flow with many alluvium 
deposits and other substrates from upstream. The Mekong River is majestic in the 
upstream parts but when it enters Vietnam, it becomes more peacefully forming a 
flat delta. The Mekong delta is a multi-channeled estuary that consists of many 
branches and transports a large amount of fresh water to the sea, even during the dry 
season (in the order of 2000m
3











used 2 types of models: a salinity model and an hydrolic model to derive the 
freshwater discharge in the branches of the Mekong delta as shown in figure 9.  
 
Figure 9. Nguyen et al. (2008) estimated the discharges of freshwater volume over 
the branches of Mekong delta based on two different models 
 
According to Wolanski et al. (1996), the Mekong estuaries are mixed, 
macro-tidal and with a strong diurnal inequality. At the mouth, the mean maximum 
and average tidal range are respectively 3.2 m and 2.2 m. However, according to Le 
(2012), the Mekong delta is not only under influences from the East Sea tide but also 
from the West Sea tide (gulf of Thailand). A diurnal tide is dominant in the Gulf of 
Thailand, while a semi-diurnal tide is dominant in the East Sea. Generally, there are 
two high waters and two low waters per day, but the two low waters are sometimes 
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very different in level. The average daily tidal range varies between 3.5m and 4.5m 
in the East Sea and between 0.5m and 0.8m in the Gulf of Thailand. Therefore, the 
tidal scheme in the Mekong estuarine system can be considered rather complicated. 
According to McLusky and Elliott (2004) a tidal range from 2 – 4 m is classified as 
mesotidal estuaries (as Clyde estuary or Lymington estuary in United Kingdom) and 
from 4 – 6 m it is classified as macrotidal estuaries (as Thames, Exe in England, 
Yellow Estuary in China or Delaware in US). Hence, the Mekong estuarine system 
can be put in the range from mesotidal to macrotidal estuaries.  
In this estuarine system, the surface salinity varies seasonally, being 
maximum in the dry season and minimum in the rainy season. The tidal effects 
extend throughout the delta area, and about 500.000 ha of land are affected by sea 
water intrusion during the dry season. Salinity penetration distances into various 
branches of the Mekong vary from 20 to 65 km (Le, 2012).  
In addition, Wolanski et al. (1996) suggested that partially well mixed 
estuarine conditions prevail, with salinity penetrating about 40 km inland, carrying 
fine-sediment up-river to a turbidity maximum zone. In this study, the authors also 
mentioned that Anikiyev et al. (1986) described that most of this sediment deposits 
in shallow coastal waters less than 20 km from the coast. Only a small fraction of 
this sediment returns to the estuary in the salt wedge. In the low-flow season, 
partially well-mixed estuarine dynamics prevail which entrain sediment from the 






Figure 10. Wolanski et al. (1996) described the conceptual model of the pathways 
of fine sediment in the Mekong River estuaries from inland to the sea in (a) the rainy 
season (high-flow season) and (b) the dry season (low-flow season). The upper layer 
is fresh water from inland with a small fraction of this sediment that returns to the 
estuary in the salt wedge.  In the dry season, classical, partially well-mixed estuarine 
dynamics prevail and entrain sediment from the coastal zone into the estuary, to a 
turbidity maximum zone and deposit. 
 
Beside the more regular natural oscillations, the effect of human activities 
also increased the deposition of alluvium and decreased the sea dynamics. For 
instance, the Ba Lai estuary is “dying” because of the great irrigation dam created in 
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estuarine area to a freshwater lake to support agricultural cultivation, livestock, and 
other gardening. This dam also can help to prevent salt intrusion that penetrates 
deeply inland to destroy the rice fields and other farm activities. However, this dam 
is a big barrier for marine life in this estuary. The Ba Lai estuary is going to 
disappear from the “Nine Dragons” when alluvium deposition increases year by year 
and there is no longer a water flow to the sea (figure 11).   
 
Figure 11. The irrigation dam in the Ba Lai estuary (a) and silty alluvium deposition 
at the mouth of the estuary (b) (Source of picture (a): 
panoramio.com/photo/19568692). 
 
The coast of the Mekong estuarine system was partly covered in the past by 
mangrove forests which play an important role to keep balance in sediment transport 
and nutrient cycles in the estuarine system. In all 8 estuaries of the Mekong River, 
the Tran De estuary was surrouned by dominant mangrove plants such as Avicennia, 
Bruguiera, Rhizophora and Nypa. Their functions are like the banks of the estuaries 
with dense stands of vegetation and forming the dominant intertidal vegetation. 
McLusky & Elliott (2004) also mentioned that Mekong is one of 7 great estuaries in 
the tropics worldwide which have very large mangrove areas and receive drainage 
from enormous catchments. However, many of them were destroyed during the 
American- Vietnamese war in the seventies when thousand tons of dioxin chemical 
compounds were sprayed by the American Air Force (Phan, 2008). The mangrove 
areas lost by spraying with herbicides in 6 coastal provinces of the Mekong delta 
were 95.435 hectare (Phan, 2008).  After the war, because of the economic 
development, these mangroves were also continuously converted to aquaculture 







(Phan and Hoang, 1993; Phan, 2008). Minh et al., (1999) reported that along the 
Mekong delta coastal zone, the area of mangrove has been depleted from 190.812 ha 
in 1953 to 29.534 ha in 1995, which implies that after 42 years, 161.277.5 ha of 
mangrove forest have been destroyed for shrimp farming and other activities. 
Vietnam has lost over 80% of its mangroves since the 1950s (Powell et al., 2010).  
 
 
Figure 12. The mangrove fringes were converted in shrimp ponds close to the Co 
Chien estuary, Ben Tre province. 
 
In this region, the climate is tropical monsoonal with a pronounced dry 
season from December to March or April and a pronounced rainy season during the 
southwest monsoon from May to October or November. In recent years, rains came 
sooner or later which make the periods of the rainy season also more flexible. 
Generally, the average annual rainfall ranges from less than 1,500 mm in the central 
region and northwest to over 2,350 mm in the south, with 70-80% of the 
precipitation concentrated into four months at the peak of the rainy season. The 
average annual temperature is around 26°C ± 5
o
C throughout the delta. The relative 
humidity remains high throughout the year about 82% (Le, 2012). 
The Mekong estuarine system is a very important socio-economical area, 
especially in the delta. Although part of the estuarine area is affected by salt water 
intrusion during the dry season, many wetlands were clean (fresh) during the flood 
season and therefore can be used to farm rice field or for aquaculture. This area is 
not only the “rice basket of the world” leading to the fact that Vietnam belongs to 
the top 2 countries with the highest rice exportation in 2008 (Kazunari, 2011) but 
a. b. 
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also has high aquatic production (figure 13) supporting  domestic as well as abroad 
consumers (Cuyvers and Van Binh, 2008). 
 
Figure 13. The aquaculture of the mussels in the Cua Tieu estuary (a) and view on 
the fishing-port at Tran De estuary (b) 
However, this estuarine area is recently expontentially more exploited for 
socio-economical purposes. Figure 14 shows the population density and the land use 
in terms of cropland for the wider geographical area, illustrating the high population 
pressure in the Mekong delta compared with other coastal areas.  It also shows that 
most of the Mekong delta is being used for agricultural purposes.  Figure 15 
illustrates that the distribution of mangrove stands was already limited to small areas 
at the mouth of some of the estuaries about 20 years ago.  It illustrates that all areas 
along the course of the 8 estuaries show a more or less similar intensive land use for 
socio-economical activities. Many negative effects for the aquatic environment of 
the entire Mekong estuarine system have increased seriously due to urbanisation, 
industrialisation and the higher agricultural production. Also many mangroves and 
natural areas were converted into agricultural fields or aquacultural farms. This has 
lead to a decrease in the biodiversity and ecological quality of the estuaries. Some 
natural aquatic habitats were completely destroyed by industrial shrimp farming 
activities. Even though many scientific researches were carried out about 
biodiversity (Minh et al. (1999), Zalinge et al. (1004), Mekong River Commision 
(2007), Ikemoto et al. (2008), Nguyen (2012).) and aquatic resources in this area, 
there is still lack in information on the zoobenthos including the meiobenthos while 
they usually play an important role in the estuarine system (Gillett and Schaffner, 







estuary and therefore there is a significant gap in knowledge on the benthic ecology 
of this system. 
 
Figure 14.  Maps showing population density (right), flood extent (upper left) and 
cropland use (lower left) for Vietnam and Cambodia, including the Mekong delata 
as recorded in the year 2000 (Source: www.care.de) 
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Figure 15. Land use map of the Mekong delta from 1993-1994 illustrating the 
limited presence of mangroves at the mouth of some estuaries and the high land use 
proportion. 
3. Objectives, study area and thesis outline 
The investigation of meiobenthos in this estuarine region can provide an 
important contribution to the general ecological knowledge of the Mekong delta.. 
The achievements of this study will not only help to understand better how benthic 
meiobenthos communities in this great estuarine system are distributed but they will 





will further provide a base line to develop tools for ecological quality assessment by 
the Mekong River Committee in the Ecological Health Monitoring Program in the 
Mekong River System and by this it will contribute to the identification of useful 
strategies for ecological conservation and protection in function of sustainable 
development. 
This is the first investigation of meiobenthos and nematode communities in 
the Mekong estuarine system. Hence, overall objectives of this study are: a) to 
provide a baseline study on the characteristics of the intertidal meiobenthos 
assemblages with emphasis on nematode communities; b) to investigate which 
factors influence their community structure and distribution; c) to understand better 
the link between morphometry and biomass of nematode communities and  other,  
more functional features of the communities on one hand and environmental factors 
on the other; f) to estimate how seasonal variation effects the nematode communities 
in comparison with spatial factors. 
In total 31 sampling stations were established in the whole estuarine area. 
There were 8 stations sampled in the wet season whereas all 31 stations were 
resampled in the dry season.  They were coded following the order from 1 to 4 
beginning at the mouth up to maximum 40 km distance inland. The codes of the 
stations were combined with the abbreviated estuarine name. From north to south, 
they are Cua Tieu estuary (ECT), Cua Dai estuary (ECD), Ba Lai estuary (EBL), 
Ham Luong estuary (EHL), Co Chien estuary (ECC), Cung Hau estuary (ECH), 
Dinh An estuary (EDA) and Tran De estuary (ETD), repectively. In the Ba Lai 
estuary, there is an irrigation dam standing as a barrier to divide the estuarine area 
into 2 parts: a freshwater part and an estuarine part. The dam was opened in the 
flooding rainy season but closed or open with a very low water flow in the dry 
season therefore only 3 stations were sampled. The co-ordinates and locations of the 
sampling stations are shown in table 1 and figure 16. 
 
                                                                CHAPTER 1 
                                                                                   
 27 
                                                                      
Table 1. The codes and coordinates of the sampling stations 
   
   
No. Estuaries Code Sampling stations 
1 Cua Tieu ECT ECT.1 ECT.2 ECT.3 ECT.4 
   
 10°16'10.25"N  10°17'33.78"N  10°17'26.19"N  10°18'16.05"N 
   
106°45'50.91"E 106°41'30.26"E 106°36'54.56"E 106°32'8.20"E 
2 Cua Dai ECD ECD.1 ECD.2 ECD.3 ECD.4 
   
 10°11'18.50"N  10°12'7.73"N  10°13’44.7"N  10°15'40.06"N 
   
106°46'21.3"E 106°42'27.63"E 106°38'56"E 106°31'44.39"E 
3 Ba Lai EBL EBL.1 EBL.2 
 
EBL.4 
   
 10° 00'59.1"N  10° 6'16.12"N 
 
10° 8'58.95"N 






EHL EHL.1 EHL.2 EHL.3 EHL.4 
  
  9°55'40.02"N   9°59'0.31"N  10° 03'11.2"N  10° 6'47.97"N 
   
106°39'40.85"E 106°33'55.53"E 106°26'52.5"E 106°23'36.96"E 
5 Co Chien ECC ECC.1 ECC.2 ECC.3 ECC.4 
   
  9°48'47.10"N   9°52'00.5"N   9°56'57.81"N  10° 0'24.45"N 
   
106°35'55.37"E 106°32'53.7"E 106°26'16.16"E 106°21'21.82"E 
6 Cung Hau ECH ECH.1 ECH.2 ECH.3 ECH.4 
  
  9°41'38.30"N   9°44'7.7"N   9°51'23.38"N   9°53'32.0"N 
   
106°34'45.6"E 106°34'03.6"E 106°28'23.30"E 106°26'18.3"E 
7 Dinh An EDA EDA.1 EDA.2 EDA.3 EDA.4 
   
  9°31'46.40"N   9°36'28.3"N   9°39'25.71"N   9°45'31.3"N 
   
106°22'42.5"E 106°17'21"E 106°12'58.71"E 106° 06'50.6"E 
8 Tran De ETD ETD.1 ETD.2 ETD.3 ETD.4 
   
  9°28'47.30"N   9°33'19.08"N   9°37'41.84"N     9°47'19.9"N 













Figure 16.  The map of sampling stations in the Mekong estuaries 
 
In this study, modified version of chapter 2 and 3 have been respectively 
published and accepted for publication in international peer reviewed journals. 
Chapter 4 and chapter 6 are prepared for publication. Each chapter was organized 
autonomously following the different aspects of research so they can be viewed 
separately. Since our study uses consistent methods in different chapters the 
methodology can not be avoided to overlap in some parts. The bibliography was 
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combined at the end of the thesis. The appendices show all environmental factors 
and the list of meiobenthos and nematodes recorded in the Mekong estuarine system.   
Chapter 2 described the structure of the meiobenthos assemblages at the 
mouth stations of each estuary during the wet season and emphasised on the 
nematode communities. In this chapter, the composition, densities, biodiversity and 
communities structure of the meiobenthos and nematodes in particular were 
described for the first time. The paper was explorative and intented to estimate the 
sampling efficiency in order to identify to what extent different spatial scales (from 
replicates to estuaries) contribute to the total variation.The preliminary results of this 
chapter were orally presented at the International Conference of NaGISA Western 
Pacific. Tokyo, Japan in 2009 as: Ngo Xuan Quang, Ann Vanreusel, Nic Smol, 
Nguyen Ngoc Chau (2009). Meiofauna assemblages in the Mekong estuarine system 
(South Vietnam) with special focus on free living marine nematodes. The modified 
version was published as: Ngo Xuan Quang, Ann Vanreusel, Nic Smol, Nguyen 
Ngoc Chau (2010). Meiobenthos in the Mekong estuarine system with special focus 
on free living marine nematodes. Ocean Science Journal, 45, 4:213-224. 
Chapter 3 discussed the distribution of meiobenthos assemblage and their 
relationship with environmental factors in the dry season. In this chapter, 
meiobenthos samples from 19 stations of 5 estuaries from the mouth towards inland 
were collected and analysed together with environmental characters from both water 
and sediment. The first database of this chapter were presented as a poster during the 
14
th
 International Meiofauna Conference with the abstract published as Ngo Xuan 
Quang, Ann Vanreusel, Nic Smol, Nguyen Ngoc Chau (2010). Meiofauna 
assemblages in the 5 Mekong estuaries, South Vietnam. Book of abstract. VLIZ 
special publication no.44. ISSN: 1377-0950. Ghent, Belgium. The earlier version 
was accepted for publishing as Ngo Xuan Quang, Nic Smol and Ann Vanreusel 
(2013). The meiofauna distribution in correlation with environmental characteristics 
in 5 Mekong estuaries, Vietnam.  CBM - Cahiers de Biologie Marine. 54-
1(submitted October 2011, accepted May 2012).  
Chapter 4 focused on the nematode communities of the Mekong estuaries 
including all 31 stations collected over the 8 estuaries in the dry season. In this 





biodiversity, feeding types, maturity index, and environmental factors of water and 
sediment were sampled and analysed. In this chapter, we described the relationship 
of nematode community chacracters with environmental factors 
Chapter 5 concerned the temporal variation of nematode communities at 
the 8 mouth stations. In this work, nematode communities were compared in terms 
of  densities, composition, maturity index, feeding type structure as well as age 
structure between two seasons The aim of this study was to estimate the temporal 
variation in relation to spatial variation, in order to identify in what respect the 
earlier observed spatial distribution patterns are consistent over time.  
Chapter 6 deals with the morphometry and biomass of nematode 
communities at the mouth stations and long the Co Chien estuary. The morphometry 
was illustrated by the length, width and shape. This work investigated the links 
between nematodes morphometry, biomass with other characters of nematodes 
communities as well as water and sediment environment.  
Chapter 7 aims to discuss and clarify some remaining major insights on the 
meiobenthos and nematode ecology in the Mekong estuarine system. From the 
obtained results, we also have some suggestions about the use of nematodes as a tool 
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CHAPTER 2. MEIOBENTHOS ASSEMBLAGES IN THE 
MEKONG ESTUARINE SYSTEM WITH SPECIAL FOCUS ON 













A modified version of this chapter was published as: 
Ngo Xuan Quang, Ann Vanreusel, Nic Smol, Nguyen Ngoc Chau (2010). 
Meiobenthos assemblages in the Mekong estuarine system with special focus on 
free-living marine nematodes. Ocean Science Journal. 45, 4:213-214. 
 
                                                 CHAPTER 2 




Meiobenthos assemblages in eight estuaries of the Mekong river system 
were investigated in August 2008 (from the Cua Tieu estuary to the Tran De 
estuary). In each estuary, one sampling station was established for meiobenthos 
sampling. Twelve major taxa of meiobenthos were recorded in this estuarine system, 
including Nematoda, Copepoda, Turbellaria, Polychaeta, Oligochaeta, Tardigrada, 
Bivalvia, Ostracoda, Amphipoda, Cumacea, Gastrotricha, Gastropoda, and one type 
of Crustacean Nauplii larvae. The densities of the meiobenthos range from 581 to 
3168 ind./10 cm
2
. Nematodes always occupy the highest numbers with a percentage 
ranging from 64 - 99%. There are 135 nematode genera recorded in this study with 
the following as most abundant genera Desmodora, Leptolaimus, Halalaimus, 
Thalassomonhystera, Theristus, Daptonema, Rhynchonema, Parodontophora, and 
Oncholaimus.  Although the biodiversity of the meiobenthos at higher taxa level is 
not high compared to other marine environments, the estimates of nematode 
biodiversity at the genus level indicate high values. The increase in number of 
genera with increasing sampling intensity illustrates that the diversity is 
underestimated and would have been higher if we had considered a larger number of 
individuals, more replicates per station, and more sampling stations.  




The Mekong River is the longest river in Southeast Asia. From its source 
on the Tibetan plateau, it runs 4800 km (Zalinge et al., 2004) to the south through 
Laos, Myanmar, and Thailand, downward to Cambodia. There, it begins breaking up 
into plural flows and forms a vast Mekong River Delta in Vietnam where it finally 
runs into the East Sea (South China Sea) by eight estuaries.  
Because of special characteristics of the Mekong River system running 
through many high land and mountains, as well as forests, it carries a lot of alluvium 
from upstream to form the lower basin of the Mekong River Delta. This process 





Sea. Some research on the biodiversity of the estuarine fauna from this area has been 
carried out (Vũ, 1994, 2009). Until now, there has not been any study published on 
meiobenthos from the Mekong. The meiobenthos occurs in all types of sediment and 
occupies a wide variety of habitats. Meiobenthos from the coastline of the East Sea 
in Vietnam was investigated by Pavlyuk et al. (2008). Furthermore, some 
investigations on the species composition and distribution of free-living marine 
nematodes were conducted in the coastal zone of central Vietnam (Nguyen et al. 
2002). The structure of meiobenthic communities of Nha Trang Bay (Pavlyuk and 
Trebukhova, 2006) and the southern part of the East Sea (Doan and Nguyen, 2000; 
Ngo et al., 2007) were analyzed as well. In the north of Vietnam, the composition 
and distribution of free-living marine nematodes were investigated in Ha Long Bay 
(Nguyen et al., 2003) and the Cua Luc estuary (Pavlyuk et al. 2008). The main 
objectives of the current study are to provide a baseline study of the present 
meiobenthos and nematode communities in the Mekong estuarine system in order to 
get an idea of the present standing stock, biodiversity, and community structure. 
 
2. Material and method 
2.1 Study area and sampling design 
Meiobenthos samples were collected in eight estuaries (Cua Tieu, Cua Dai, 
Ba Lai, Ham Luong, Co Chien, Cung Hau, Đinh An, Tran De) of the Mekong River 




, 2008. In each estuary, one sampling station 
was established (Table 1 and Figure 1). 
Most sampling stations like ECT1, ECD1, EBL1, EHL1, ECH1, and EDA1 
are located on alluvial sediments characterized by the presence of natural cultures of 
mollusks such as Meretrix meretrix, Meretrix lyrata, and Andara granosa. Those 
areas were covered with many empty shells laying on the surface of the intertidal 
beach. The sediment in those estuaries was a mixture of sand and silty alluvium. The 
remaining sampling stations ECC1 and ETD1 were located in the mangrove forest 
with many Nypa fruticans, Avicennia, and Rhizophora trees. The sediment in those 
sampling stations was a mixture of mud, sand, and high alluvium deposition.  
In order to understand how environmental parameters vary in this area, 
some physicochemical parameters in the water such as temperature, salinity, pH, and 
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dissolved oxygen (DO) were measured directly by the HQ40D digital multi – meter 
at each station during the time of sampling for meiobenthos.   
The temperature ranged from 27.3 to 32.1 °C. Salinity in all estuaries 
ranged from 15 to 20 PSU (bentre.gov.vn). The pH was close to neutral in most 
sampling stations (pH = 6.8 - 7.83). Dissolved oxygen in the water was highest in 
EBL1 (8.0 mg/L) and lowest in EHL1 (4.9 mg/L). The dissolved oxygen of the 
remaining stations ranged around 7.0 mg/L at the time of sampling.  
 





Meiofaunal sample collection and processes 
The meiobenthos samples were collected using cores of 3.6 cm diameter 
(10 cm
2
 surface area) and 30 cm high. The cores were pushed down into the 
sediment up to 10 cm deep. Per station, three replicates were taken and collected in 
plastic bottles. The samples were fixed in a 60 °C hot formalin solution of 7% and 
gently stirred. Samples were transferred to the laboratory of the Department of 
Environmental Management and Technology, Institute of Tropical Biology, 
Vietnam for decantation and extraction. Samples were sieved through a 38 μm mesh 
and extracted by the flotation technique using Ludox-TM50 (specific gravity of 
1.18). In order to facilitate sorting of the meiobenthos, the samples were stained with 
a 1% solution of Rose Bengal. The meiobenthos was sorted into different higher 
taxonomic groups based on Higgins and Thiel (1988) and counted under a stereo-
microscope. Each time, 200 nematodes per sample were randomly picked out and 
transferred into separate embryo dishes for processing by three types of De Grisse 
solutions before making permanent slides for identification. Nematodes were 
identified up to genus level in the Marine Biology Section, Ghent University, 
Belgium using a high magnification microscope, Leica (Type III), and an Olympus 
BX41. For nematode genus identification, different sources were used, including: 
Wieser (1956, 1959); Platt and Warwick (1983); Platt and Warwick (1988); 
Warwick et al. (1988); Lorenzen (1994) and the NEMYS database of the Marine 
Biology Section, Ghent University, Belgium (Deprez et al., 2005). 
 
2.2 Data analyses 
All the data per station were presented as average ± standard deviation. 
Data were analyzed using univariate and multivariate techniques. Diversity indices 
like Margalef diversity (d), Shannon-Wiener diversity (log2), and Hill indices (Hill’s 
diversity number of order N0 (the number of genera present), N1 (the exponential of 
Shannon-Wiener index), Ninf (the reciprocal of the dominance of the most common 
genus)) were used as biodiversity measures for nematode community structure. The 
Bray-Curtis similarity matrix with log(x+1) transformed data was used for 
multivariate techniques such as multidimensional scaling ordination (MDS).  
Analysis of similarities (ANOSIM), and similarity/distance percentages (SIMPER) 
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analysis were performed to investigate the similarity and dissimilarity between pair 
of stations when ANOSIM showed significant difference. Those analyses were 
carried out by the software PRIMER v.6. The significant differences for the 
univariate measures between sampling stations were tested by the parametric test 
one-way ANOVA and the non-parametric test Kruskal-Wallis test, using the 
software STATISTICA 7.0. In order to test the assumption of homogeneity of 
variances for ANOVA analysis, the Levene's test was used. Tukey HSD multiple 
comparison tests were used when significant differences were detected (p < 0.05). 
With the Kruskal-Wallis test, pairwise comparison of mean ranks was applied to 
distinguish the significant stations (p<0.05). Data were transformed prior to analysis 
when assumptions were not fulfilled.  
By analogy with the expected number of genera for theoretical samples, 20 
individuals per sample were picked 10 times and stored in 10 separate embryo 
dishes for 1 sample per station. In this way, it was identified how the diversity 
increased with the increasing number of specimens identified per sample. In the 
same way, by analyzing three replicates per station, it was investigated how the 
number of genera increased with increasing number of replicates. Finally, the 
increase in number of genera was also plotted against the number of stations 
analyzed (eight estuaries in total). In this way, the increase in genus richness could 
be estimated at different spatial scales. 
We also wanted to identify which spatial scale contributed most to the total 
biodiversity in these estuaries by an additive partitioning technique. In this 
technique, we calculated the number of genera at 3 levels: sample, station and whole 
area. The diversity of the whole area is the total number of genera over all estuaries. 
The diversity at the station level was estimated as the average of all number of 
genera per station. The diversity at the replicate level was estimated as the average 
of all number of genera per replicate. We each time substracted the number of 
genera from a lower spatial scale from the number found at a larger scale. From 
these values, we identified the biodiversity contribution per scale by presenting them 









3.1. Meiobenthos assemblage 
The meiobenthos assemblages of the eight stations of the Mekong estuarine 
system investigated here were composed of 12 major taxa: Nematoda, Copepoda, 
Turbellaria, Polychaeta Oligochaeta, Bivalvia, Amphipoda, Cumacea, Tardigrada, 
Gastropoda, Gastrotricha and Ostracoda.   Nauplii were also found.. Nematoda are 
always dominant, with 64 - 99% of the total meiobenthos. The Ostracoda, 
Gastropoda, Gastrotricha, and Cumacea are only represented with a limited numbers 
of individuals.  The number of taxa was highest in EBL1 and lowest in ECT1 
(Figure 2). 
Over the eight stations, densities ranged from 581.2 ± 400.1 to 3168.3 ± 
352.7 ind./10 cm
2
. Different from taxa richness, the total meiobenthos densities were 
highest in ECD1, EBL1, and ETD1 (from 2343.7 ± 214.5 to 3168.3 ± 352.7 ind./10 
cm
2
).  Densities in the remaining stations were rather lower and the lowest value was 
found in ECH1 (581.2 ± 400.1 ind./10cm
2
). Station EHL1 had intermediate 
densities, also showing high variation between replicates. The number of nematode 
individuals per 10 cm
2
 was always high and similar to the meiobenthos densities. 
The Kruskal-Wallis test shows that meiobenthos densities were significantly 
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Table 1. Composition and densities (ind./10 cm
2




ECT.1 ECD.1 EBL.1 EHL.1 ECC.1 ECH.1 EDA.1 ETD.1 
Nematode 717.7  ±  231 2343.3 ± 197.9 2099 ± 100 683.7 ± 374.4 660.3 ± 115.4 454 ± 289.9 598.3 ± 180 3137.7 ± 337.1 
Copepoda 0 ± 0 306 ± 90.1 78.3 ± 22.8 297.3 ± 272.3 6.5 ± 7.8 57.3 ± 55.1 7.3 ± 4.2 7 ± 7.9 
Turbellaria 6 ± 2.8 27.7 ± 20.1 6.7 ± 6.4 69.7 ± 56.1 4.3 ± 3.2 53.3 ± 50.1 9.5 ± 9.2 3 ± 0 
Polychaeta 9 ± 0 0 ± 0 9 ± 5.6 1 ± 0 1 ± 0 1 ± 0 1 ± 0 1 ± 0 
Oligochaeta 0 ± 0 4 ± 1.4 7.3 ± 7.5 27.5 ± 17.7 7.5 ± 2.1 1.5 ± 0.7 66 ± 16.1 10.3 ± 2.1 
Tardigrada 0 ± 0 6 ± 0 1 ± 0 5 ± 0 0 ± 0 8 ± 4.2 0 ± 0 0 ± 0 
Bivalvia 5 ± 6.1 42.3 ± 13.6 26.7 ± 2.5 1 ± 0 11.7 ± 6 2 ± 0 0 ± 0 0 ± 0 
Ostracoda 0 ± 0 32 ± 11.3 107 ± 67.2 1.7 ± 1.2 1 ± 0 0 ± 0 1 ± 0 9.3 ± 5.5 
Amphipoda 0 ± 0 4 ± 4.2 0 ± 0 2 ± 0 18.5 ± 2.1 0 ± 0 0 ± 0 0 ± 0 
Cumacea 1 ± 0 0 ± 0 3.7 ± 2.5 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 
Nauplii 0 ± 0 12.3 ± 4.5 4 ± 0 2 ± 0 0 ± 0 3 ± 0 0 ± 0 0 ± 0 
Gastrotricha 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 1 ± 0 0 ± 0 0 ± 0 




























Figure 2. Number of meiobenthos taxa 
(mean ± standard deviation) 
Figure 3. Densities of 
meiobenthos and nematodes 
(mean ± standard deviation) 
Moreover, for nematode densities, the ANOVA (F = 12.66, df = 7, 16, p = 
0.000018) test showed that there is a significant difference between the eight 
stations. The Tukey HSD test also showed that nematode densities were different 
between ECD1, EBL1, and ETD1 on the one hand, all with high densities, and the 
remaining stations on the other, showing much lower densities. Densities of 
Copepoda, Polychaeta, Ostracoda, Oligochaeta, Bivalvia, Turbellaria, and 
Tardigrada were also tested for significant differences between stations by 
parametric and non-parametric tests. However, only Turbellaria and Copepoda 
showed significant difference. Turbellaria showed a significant difference by the the 
ANOVA analysis (p = 0.0023) and the Posthoc HSD test indicated the difference 
between ETD1 and EHL1, ECH1. Copepoda showed a significant difference by the 
Kruskal – Wallis test (p = 0.0047) and pairwise comparison indicated a difference 
between ECT1 and ECD1.   
 
3.2. Nematode communities 
Composition and biodiversity  
Nematode communities are important in the meiobenthos assemblages of 
the Mekong estuarine system. They represent the highest proportion of all taxa, but 
are also characterized by a high diversity. In total, 135 genera belonging to 35 
families were found in this area. Some families are represented by a high number of 
nematode genera like the Xyalidae (represent 14% of the genera), the Desmodoridae 
(8.1%), the Monhysteridae (6.6%), the Chromadoridae (6.6%), and the 
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Siphonolaimidae (5.1%). The Aegialoalaimidae, Axonolaimidae, Comesomatidae, 
Cyatholaimidae, and Oncholaimidae each represent 4.4% of the total number of 
genera; the other families represent between 3.7 and 0.7% of the total number of 
genera in the nematode communities. The most abundant genera were Desmodora 
(27.5%), Leptolaimus (8.0%), Halalaimus (5.6%), Thalassomonhystera (4.1%), 
Theristus (4.0%), Daptonema (3.4%), and Rhynchonema (3.1%). Those genera were 
not abundant in all the estuaries, but they are rather typical for particular stations, 
except for Desmodora, which was recorded in almost all the estuaries. 
The biodiversity of the nematode communities was measured by the 
Margalef index (d), the Shanon-Wiener index (H’), and the Hill indices (N0, N1, N∞). 
The Margalef index ranged from 2.64 ± 0.64 to 5.99 ± 1.06 and the Shanon-Wiener 
index ranged from 1.83 ± 0.59 to 4 ± 0.17. The Hill indices showed average values 
ranging between 15 ± 3.6 and 32 ± 5.57 for N0, between 3.8 ± 0.79 and 16.1 ± 1.23 
for N1, and between 1.5 ± 0.798 and 5.6 ± 2.18 for N∞.  
One way ANOVA analysis showed there were significant differences 
between stations for all indices (Table 3). A low diversity was found at station 
ECD1 compared to the remaining stations, which showed all high values with only 
small differences between stations. By using the Tukey HSD test, significant 
differences between sampling estuaries were found, such as: ECD1 with ECT1, 
EBL1 within N0; ECD1 with EBL1, EDA1 within N1; ECT1 and ECD1, EBL1; 
ECD1 and EHL1, ECC1, ECH1; EBL1 and EHL1 within N∞. 
Table 3. Value of F, df, and p in the ANOVA analysis for biodiversity indices 
 F Df P 
d 3.8 7, 16 0.0128 
H’ 10.3 7, 16 0.000068 
N0 4.854 7, 16 0.00425 
N1 8.3801 7, 16 0.000233 
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Figure 4. The biodiversity (mean ± standard deviation) of nematode communities 
calculated by Margalef index (d), Shanon – Wiener index (H’) and Hill indices (N0, 
N1, N∞) 
 
In addition, different spatial scales of genus richness were considered. The 
increase of number of genera was investigated in relation to the number of 
individuals identified per sample, as well as in relation to the number of replicates 
per station, and in relation to an increasing number of stations (Figure 5a, 5b, 5c). 
For each of the scales (sample, station, area), the genus richness did not 
reach the asymptote, pointing to the high nematode richness in the area. Only in the 
stations with the lowest number of genera such as ECD1, EHL1, and ECC1 was 
there an asymptote from 160 individuals identified. 
This denotes that 200 individuals per replicate sample, three replicates, and 
eight stations may not be enough to identify the full set of genera present in the area, 
and that the true diversity can be higher than what was observed based on the 
presented sampling strategy.  
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By means of an additive partitioning technique, we identified which scale 
contributed most to the total diversity. It showed that 69.7% of the genera richness 














































































































Figure 5. Increase in number of nematode genera at different spatial 
cales :a) per 20 individuals within individual replicate samples (one per 
station);  b) per replicate within each of the 8 stations and c) per 





replicates (three per station) and 17.8% by the number of individuals in a single 





for replicates within each estuary
for the 1 replicate
 
Figure 6. Percentage contribution of genera richness for each of the levels 
considered 
 
Multi dimensional scaling (MDS)  
By means of an MDS, and confirmed by an ANOSIM, it was illustrated 
that most stations differed in terms of nematode composition. Most replicates 
clustered per station illustrating the strong differences between stations and the high 
similarity within stations.  
The ANOSIM results show that there is a difference in the composition of 
nematode assemblages (Global R = 0.868, p = 0.1%) between stations. All pairwise 
R values range from 0.185 - 1 with a significance level smaller than 10% in the pair 
wise test. 
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Figure 7. MDS analysis of nematode communities 
 
The MDS analysis, in combination with bubble plots of the most abundant 
genera, showed that not all these genera occupied all estuaries. The most abundant 
genus was Desmodora, present in almost all samples. The genus Daptonema and 
Theristus also showed a similar pattern. Some other high abundant genera were only 
present in some stations like Leptolaimus, Rhynchonema, and Halalaimus. 
Leptolaimus only appears with high abundances in ETD1 and with low abundances 
in ECC1. Those two sampling stations are located in the mangrove forest consisting 
of Avicennia and Rhizophora trees. Thalassomonhystera and Parodontophora 
concentrated with high numbers in ETD1, ECC1, and ECT1, but were reduced 


































































































































































































































































Figure 8. Bubble plots for the most abundant genera plotted on the MDS as shown 
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The SIMPER analysis 
The results of the SIMPER analysis showed that the average similarity 
within stations is high (51.73 - 68.67%). Those genera contributing to similarities 
were not only the most abundant genera such as Desmodora, Halalaimus, 
Thalassomonhystera, Leptolaimus, and Daptonema, but also Monhystera, 
Microlaimus, Rhinema, Molgolaimus, Terschellingia, and Paracanthonchus 
contribute highly to specific stations. Different genera were abundant in different 
stations as illustrated by Figure 9. Only the stations ECD1 and EBL1 share 
Desmodora as dominant genus, while Theristus was dominant or subdominant in 
EHL1 and ECH1, and to a lesser extent in EDA1.  
 
Table 4. Average similarity (A.S.) in each station and some highest percentage contribution by  nematode 
genera in the communities of each station 
 
Stations A.S. Highest percentage contribution nematode genera 
ECT1 56.12 Monhystera(9.12%), Daptonema(7.91%), Halalaimus (7.02%) 
ECD1 62.37 Desmodora(20.74%), Rhynchonema(14.54%), Daptonema(10.74%) 
EBL1 58.26 Desmodora(12.37%), Rhinema(7.7%), Molgolaimus(7.12%), Onyx(7.37) 
EHL1 55.54 Paracanthonchus(11.43%), Theristus(10.85%), Rhinema(9.56%) 
ECC1 68.67 Terschellingia(11.31%), Microlaimus(8.88%), Halalaimus(8.61%) 
ECH1 51.73 Paracanthonchus(13.71%), Daptonema(12%), Theristus(11.6%) 
EDA1 66.33 Theristus(12.57%), Oncholaimellus(12.37%) Paracanthonchus(12.12%) 











































Figure 9. Percentage of the most abundant genera of nematode communities in each 
station 
The SIMPER analysis also showed that the average dissimilarity between 
stations was quite high in some pairs (from 86.22 for stations EHL1 and ETD1 to 
45.06 for stations EHL1 and ECH1). The mangrove station ETD1 is distinguished 
from EHL1 with an 86.22 average dissimilarity because of different contributions of 
genera to both estuaries, some of them with a high percentage like Leptolaimus 
(4.72%), Halalaimus (4.34%), Leptolaimoides (3.7%), and Haliplectus (3.4%) in 
ETD1. This mangrove station was also different from EDA1, ECH1, ECD1, and 
EBL1, as shown by the high average dissimilarity from 84.55, 83.99, 78.40, and 
77.89. Genera responsible for those dissimilarities were still Leptolaimus, 
Halalaimus, Haliplectus, Leptolaimoides, and Rhynchonema, with contributions 
from 5.3 - 3.5%. The mangrove station, ECC1, was also different (with 76.26 - 
70.53) from EBL1, EHL1, and EDA1. The genera Terschellingia, Halalaimus, 
Microlaimus, Aegialoalaimus, Parodontophora, Onyx, Molgolaimus, 
Oncholaimellus, Ptycholaimellus, Rhinema, Desmodora, Trefusia, Omicronema, 
Paracanthonchus, Thalassomonhystera, Bathylaimus, and Sabatieria were more 
abundant in the mangrove station and explained those dissimilarities.  
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Station ECT1 differed with high average dissimilarity (76.91, 75.69, 73.93, 
71.38) from EHL1, EDA1, ECH1, and ECD1. The genera that contributed the most 
were Rhynchonema, Monhystera, Eumorpholaimus, Parodontophora, Halalaimus, 
Oncholaimellus, Elzalia, Desmodora, Viscosia, Oncholaimus, Rhinema, and 
Omicronema. The SIMPER analysis also showed a high average dissimilarity 
(76.26) between EBL1 and EDA1. The difference was explained by percentages of 
contribution (from 4.39 to 3.2%) of those genera such as Oncholaimellus, Theristus 
in EDA1 and Rhinema, Molgolaimus, Desmodora, Sabatieria in EBL1.  
 
4. Discussion  
The Mekong River reaches the South China Sea by eight estuaries at the 
south coast of Vietnam. In this delta area, the estuarine ecosystem is not only 
influenced by natural factors, but also by the anthropogenic impact related to land 
use. According to Alves et al. (2009), apart from natural stressors, physical and 
chemical anthropogenic pressures can also modify the meiobenthos assemblage 
composition and distribution. By altering the relative abundances of sensitive 
species, as well as their diversity and distribution patterns, anthropogenic pressures 
can be key factors influencing the structure and composition of meiobenthos 
communities (Essink & Keidel, 1998; Schratzberger & Warwick, 1998; 
Schratzberger et al., 2004; Derycke et al., 2007). Therefore, characterizing the 
distribution patterns of meiobenthic assemblages has become a useful biological tool 
to detect anthropogenic disturbance and environmental change (Warwick, 1981; 
Coull & Chandler, 1992). Alves et al. (2009) also mentioned that identification of all 
organisms to the species level is very time-consuming and requires a high degree of 
taxonomic expertise and standardization. Some studies have shown that little 
information is lost by working at a taxonomic level higher than species, and at 
whatever taxonomic level the analysis is carried out, it is possible to obtain 
interpretable results if the community pattern changes markedly (Warwick, 1993; 
Somerfield & Clarke, 1995). Here in this study, the authors provided a baseline 
study on nematode genus diversity and assemblage composition in the poly- to 
mesohaline parts of the Mekong estuaries. By providing a baseline, a more intensive 





possible impact of potential anthropogenic-related stressors. The specific aim was to 
obtain insight in the spatial variability and the present diversity of nematode 
assemblages over the eight estuaries.  
The meiobenthos in the Mekong estuarine system was characterized by a 
minimum of 12 major taxa,. In the nearby Cua Luc estuary (North Vietnam), 
Pavlyuk et al. (2008) recorded 11 taxonomical groups, whereas 10 taxa were found 
in the Westerschelde estuary by Van Damme et al. (1980). There were only four and 
five taxa noted in the Dutch Wadden Sea by respectively Witte & Zijlstra (1984) and 
Bouwman (1981). The number of meiobenthos taxa in the Mekong estuarine system 
is similar to the number indicated by Smol et al. (1994) for the Oosterschelde 
estuary in The Netherlands and by Alves et al. (2009) for the Mira and Mondego 
estuaries. However, the meiobenthos composition is different by the following taxa: 
Hydrozoa, Rotifera, Kinorhyncha, Halacarida are present in the Oosterschelde 
estuary and Halacaroidea, Cladocera, and Ciliophora in the Mira and Mondego 
estuaries. Compared to the meiobenthos community of the five European estuaries 
as described by Soetaert et al. (1995), some taxa are absent in the Mekong estuarine 
system, such as Halicarida, Cnidaria, and Priapulida.  
In all the Mekong estuaries investigated, nematodes are dominant with 64 - 
99%. This percentage corresponds to the value (68 - 87%) found in an estuarine 
mangrove area by Ólafsson (1995) in Eastern Africa, but is occasionally higher 
compared with the data published by Sultan et al. (1983): 50 - 67%, by Dye (1983): 
80%, by Kondalarao (1984) in India: 86% and by Lalana-Rueda et al. (1986): 54%. 
Vanhove et al. (1992) showed that nematodes accounted for up to 95 % of the total 
densities in the Gazi bay mangrove area in Kenya. The taxon second in rank differed 
according to the estuary: the Copepoda in ECD1 and EHL1; the Ostracoda in EBL1; 
the Oligochaeta in EDA1; the Amphipoda in ECC1. Generally, the Copepoda ranked 
second in order of abundance in estuarine sediments, a position only occasionally 
occupied by another taxon (Coull, 1999).  
According to Coull (1999), meiobenthos is ubiquitous in estuaries 




. The density of the 
meiobenthos in the Mekong estuaries varied between 581.2 ± 400.1 and 3168.3 ± 
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. This range in density is approximately similar to values observed 
by Alves et al. (2009) in the Mira estuary (15 - 2297 ind./10 cm
2
) and in the 
Mondego estuary (84 - 1384 ind./10 cm
2
), but also to the density reported in subtidal 
sediments in the Westerschelde estuary (67 – 1666 ind./10 cm
2
) by Soetaert et al. 
(1994), and in intertidal sediments in the Chernaya River (167 – 2356 ind./10 cm
2
) 
as published by Udalov et al., (2005). Similar densities were recorded in Australia 
with 217 - 2454 ind./10 cm
2
 in Cap York peninsula, and with 14 - 1840 ind/10 cm
2
 
in the tropical estuary on the Hinchinbrook Island (Alongi, 1987). Meiobenthos 
densities are often increasing with increasing salinity  (Soetaert et al., 1995), as 
demonstrated for five European estuaries, Ems, Gironde, Somme, Tagus, and 
Westerschelde estuary, with values increasing from 132 to 21730 ind./10 cm
2
. The 
densities of the nematode communities were rather different between the eight 
Mekong stations. Based upon the abundance of the nematode communities, two 
groups of stations could be distinguished: ECD1; EBL1 and ETD1 with high 
densities (> 2000 ind./10 cm
2
); and all other stations with densities less than 1000 
ind./10cm
2
. In the first group, ETD1 has the highest densities and is located in the 
mudflat of a mangrove forest and has possibly the lowest anthropogenic impact 
while ECD1 and EBL1 are located in the sand dunes of the mollusk cultures and the 
tourist resort. 
The nematode communities in the Mekong estuarine system are not only 
characterized by high densities, but also by a high diversity with 35 families and 135 
genera. At each estuary, at least 15 genera were recorded per station. In the Thi Vai 
estuary, impacted by industrial sewage water and located approximately 37 km north 
of the Mekong estuary system, only 45 nematode species belonging to 25 genera 
were found (Doan and Nguyen, 2000). The nematode diversity expressed as a 
number of genera was higher in the eight stations of the Mekong estuarine system 
than in five European estuaries, with 120 genera belonging to 35 families (Soetaert 
et al., 1995), or the 48 and 45 genera belonging to 19 families in the Mondego and 
Mira estuaries (Adão et al., 2009). In these studies, more stations, but also a much 
wider range of the salinity gradient, was sampled, compared to the present study. 
The diversity of nematode communities measured by the Margalef index, Shannon-





estuaries. The values of biodiversity indices fluctuated greatly among the stations 
with lowest values in station ECD1, located in the area of a tourist resort. According 
to Heip et al. (1985), diversity is relatively low in the eu- to polyhaline zones, 
reaching a peak in the poly- to mesohaline zones and declines to the meso- to 
oligohaline zones. The sampling stations in the Mekong estuarine system have 
salinity within a range of poly- to mesohaline zones, which may explain the high 
Shanon-Wiener biodiversity index of approximately 1.83 – 4. Heip et al. (1985) also 
noted that the relatively low diversity in the sandy sediment at the mouth of the 
estuary may be explained through high turbulence and periodical re-working of the 
sediment, a phenomenon that also occurs in the nearby Eastern Scheldt mouth, the 
Netherlands (Heip et al., 1979). A decrease of diversity with increasing 
environmental fluctuations has also been observed by Heip et al. (1985) on an 
intertidal sand-flat. The same processes can be used to explain the low diversity at 
ECD1. Furthermore, a mudflat in the Thi Vai estuary showed low diversity possibly 
related to higher environmental pollution (Doan and Nguyen, 2000). 
However, the total nematode generic biodiversity of the polyhaline part of 
the Mekong estuarine system based upon the identification of 200 nematode 
specimens per replicate, three replicates, and eight stations is not yet fully estimated 
as shown by the cumulative curves at the three different scales. Identification of 
more specimens per sample, more samples per station, and more stations per estuary 
will ultimately lead to a higher biodiversity estimate.  Hence, more sampling stations 
are needed in order to fully estimate Mekong nematode biodiversity. The additive 
partitioning analysis, including the three different spatial scales, showed that the 
larger geographic scale (estuaries) explained most of the variability. Hence, more 
sampling stations are needed in order to fully estimate Mekong nematode 
biodiversity.  
As reviewed by Heip et al. (1985), it seems that several nematode genera 
are common in many estuarine areas worldwide, including European estuaries from 
Germany, United Kingdom, Belgium, Finland, The Netherlands, France and 
Columbia (South America). From this review we identified some worldwide 
estuarine genera like Adoncholaimus, Anoplostoma, Axonolaimus, Daptonema, 
Leptolaimus, Microlaimus, Monhystera, Metachromadora, Ptycholaimellus, 
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Sabatieria, Theristus, Tripyloides, and Viscosia. However, since then many other 
genera are also recognized as worldwide present in estuaria including the Mekong 
estuarine system such as Halalaimus, Rhynchonema, Parodontophora, 
Terschellingia, Onyx, Leptolaimoides, Oncholaimellus, Omicronema, Rhinema, 
Haliplectus, and Desmodora.  
The family Xyalidae is the most important family in the nematode 
communities, followed by the Desmodoridae, Monhysteridae, and Chromadoridae. 
Other families like Siphonolaimidae, Oncholaimidae, Cyatholaimidae, and 
Comesomatidae occupy an important share as well. Soetaert et al. (1995) also 
observed that Xyalidae and Chromadoridae were dominant in the five European 
estuaries. However, the most dominant and overall present genus Desmodora 
(27.5% of total individuals over all eight estuaries) in the Mekong estuarine system 
belongs to the Desmodoridae. Other dominant genera like Daptonema, Leptolaimus, 
Halalaimus, Theristus, Rhynchonema, and Parodontophora are present in selected 
locations (stations) of the estuaries.  
 
5. Conclusion 
The meiobenthos assemblages in the Mekong estuarine system are 
characterized by high diversity, high densities, and a dominance of nematodes in all 
stations. The partitioning of the nematode genera richness at different spatial scales 
reveals that 69.7% of the genera richness is contributed to by the different estuaries. 
Further studies should collect more samples from more stations in each estuary. 
Also, the suggested link between the differences between the estuaries linked to 
environmental parameters and anthropogenic impact in this estuarine system needs 
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CHAPTER 3. THE MEIOBENTHOS DISTRIBUTION IN 
CORRELATION WITH ENVIRONMENTAL CHARACTERISTICS 
















An earlier version of this chapter has been accepted for publication as: 
Ngo Xuan Quang, Nic Smol and Ann Vanreusel (2013). The meiofauna distribution 
in correlation with environmental characteristics in 5 Mekong estuaries, Vietnam.  






Meiofauna assemblages in 5 estuaries of the Mekong river system 
(including Cua Tieu, Cua Dai, Ba Lai, Co Chien and Dinh An) were sampled for 
community analysis in March 2009, the dry season. The objectives of this research 
were to provide the first base line survey of meiofauna assemblages in the 5 Mekong 
estuaries, and to understand how environmental characteristics affect the densities, 
diversity and structure of the meiofauna. In each estuary, three to four sampling 
stations were chosen along the salinity gradient from the river mouth to the fresh 
water part. Besides the meiofauna also sediment- and water column-related 
environmental characteristics were identified such as dissolved oxygen, pH, salinity, 
temperature, median grain size, density of coliform bacteria, nutrient and pigment 
concentrations.  Twenty-one major taxa of meiofauna were recorded over the 19 
sampling stations. Nematoda, Copepoda, Turbellaria and Oligochaeta dominated 
with varying densities, but without any clear correlation with the salinity gradient 
present along the estuaries. The densities of the meiofauna ranged from 105 
ind./10cm
2
 to 3678 ind./10cm
2
 on average. Nematodes were always dominant with 
relative abundances ranging from 40-98% of the total meiofauna. Meiofauna 
densities were significantly correlated with sediment pigment concentrations but 
also other factors may play a role. Diversity showed a positive correlation with 
dissolved oxygen in the overlying water. The observed densities of the intertidal 
meiofauna in the Mekong delta are high compared to other estuaries worldwide. 
 




Estuaries occur at the mouth of rivers where fresh and marine water mixes. 
These transition zones are characterized by a salinity gradient and are subject to both 
marine and freshwater influences. Most estuaries are under strong anthropogenic 
pressure. Especially water quality degradation due to increased nutrient, pesticide 
and heavy metal inputs are strongly affecting estuarine ecosystems in the past and 
the present.  Also habitat destruction and reduced freshwater flows due to water 
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level regulation and unsustainable use of estuarine resources may alter the estuarine 
ecosystem.  
The Mekong River is the largest river in the Southeast Asia and carries 
about 550 billion m
3
 of water into the East Sea together with 4-5 kg alluvium/m
3
 of 
water rich in nutrients and minerals. Due to the slower current velocities 
downstream, the alluvium quickly accumulates, thereby creating islands within the 
estuaries. These islands are flooded by high tide creating a suitable environment for 
pioneer mangrove forest (Phan and Hoang, 1993). The Mekong River originally 
divides into 6 large rivers but finally reaches the East Sea by 8 estuaries, all 
characterized by different landscape morphologies.  
The Mekong River system provides a high diversity of bioresources for 
local people. However, because of a rapid increasing human population density in 
this region, the natural resources are facing overexploitation. Many natural areas, 
such as mangroves, were converted into agricultural fields or aquaculture farms. 
This has led to a decrease in the ecological quality of the estuaries. Some natural 
aquatic habitats were completely destroyed by industrial shrimp farming activities. 
Also the organic pollution load of the whole Mekong River System has increased 
seriously due to urbanization, industrialization and the higher agricultural production 
(Mekong River Commission, 2007). The Mekong River Delta is therefore facing 
serious chemical contamination and nutrient pollution (wisdom.caf.dlr.de, 2009), so 
that the anthropogenic pressure influences strongly the status of its environmental 
quality. 
Not only anthropogenic pressure, but also natural variability affects the 
Mekong Estuarine System. The tidal regime for instance is causing a heterogeneous 
and unstable biotope characterized by strong environmental gradients to which the 
biota is adapted. Especially the tidal flats are daily subjected to great fluctuations in 
salinity and humidity. The combined impacts of natural and anthropogenic stressors 
on the estuarine system are responsible for a continuous change in the biochemical, 
physical and biological characteristics of the sediment including the distribution of 
aquatic animals along the estuarine gradient. Therefore the benthic meiofauna, 
which lives in close association with the sediment and which represents the 





environmental factors in order to establish a base line against which past and future 
changes can be measured.  
Studies on meiofauna from estuaries were performed worldwide (many 
reviewed in detail by Heip et al 1985, Giere 2009) including Vietnam (Pavlyuk et al. 
2008). However, so far only one study was done on the marine meiofauna from the 
vast Mekong area (Ngo et al., 2010), not including the estuarine gradient. Therefore 
the goal of this study was to investigate and compare the ecological quality of the 
sediments in 5 out of the 8 estuaries of the Mekong River System based on the 
analyses of the meiofauna communities in relation to their physical and biochemical 
environment. This study provides the first base line survey of meiofauna 
assemblages in the Mekong estuaries by assessing their composition, densities and 
diversity at the higher taxon level. 
2. Methodology 
2.1. Study area and sampling design 
 Meiofauna samples were collected in the estuaries Cua Tieu (ECT), Cua 
Dai (ECD), Ba Lai (EBL), Co Chien (ECC) and Dinh An (EDA) during the dry 
season in March 2009.  
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Figure 1. Map of the 19 sampling stations in 5 estuaries of the Mekong delta 
 Per estuary, 4 low intertidal sampling stations were identified representing 
a comparable salinity gradient and distance from the mouth. Only in estuary Ba Lai, 
3 sampling stations were chosen because of a dam dividing the estuary in 2 parts. In 
each estuary, the stations 1 and 2 were targeting the polyhaline part (18-30 PSU), the 
stations 3 the mesohaline part (5-18 PSU) and the stations 4 the oligohaline part (0.5 
to 5 PSU). At each station sediment samples were taken for analysis of the 
meiofauna, granulometric analysis, concentrations of nutrients, coliform bacteria and 





characterisation. Temperature, salinity, pH, electric conductivity, dissolved oxygen, 
and turbidity were measured in situ by a Multiparameter Water Quality Meter Model 
WQC22A.  
Coliform concentrations in sediments which are a measure for organic 
pollution were identified based on the standard Most Probable Numbers (MPN) 
method (Olson, 1978). The MPN technique estimates microbial population sizes by 
dilution and incubation of replicated cultures across several serial dilution steps.  
This technique relies on the pattern of positive and negative test results following the 
inoculation of a suitable test medium. For each sample 300 gram of surface 
sediments were collected and preserved cool before being analyzed in the Ho Chi 
Minh City Laboratory of Environmental Technology Centre (ETC).  
The samples for nutrient concentrations of the pore water, chlorophyll a 
and total pigments concentration and grain size composition were analyzed in the 
Marine Biology research group, Ghent University, Belgium. One core was collected 
at each station for pigment analysis.  The surface sediment layers were collected by 
slicing the core respectively 0-1 cm and 1-2 cm deep.  For each sediment layer, 1cm
3
 
sediment was collected and frozen. Before analyzing, the samples were freeze dried. 
Then, 10ml acetone 90% was added and the sample was sonicated during 30 
seconds. The samples were filtered on a Milex-SR0.2 µm filter (Milipore), and then 
injected immediately into the chromatography system for pigment analysis. The 
High-Performance Liquid Chromatographic system of Gilson was used. 
Also for sediment grain size, one sample was collected per station by 
means of a cut off syringe of 3 cm in diameter, and sliced per cm until 5 cm deep. 
The rest was kept bulk (5-10cm). The granulometry was analyzed by a Coulter 
counter type Mastersizer 2000 (Model APA2000 with support equipment Hydro 
2000G model AWA2000 of The Malvern Instruments). The grain size composition 
of the sediment was represented as different proportions of sand, silt and clay 
(clay<4µm, silt = 4-63 µm, sand >63µm).  
Nutrient samples were collected by means of a core with 6 cm diameter 
pushed in the sediment up to 10 cm deep, sliced per cm until 5 cm deep, but kept 
bulk for the 5-10cm sediment depth, and preserved at 4
o
C until arrival at the 
laboratory where they were frozen at – 20° C until further analysis. Then pore water 
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samples were extruded under N2 atmosphere and passed through Whatman GF/C 
filters. These  water samples were stored at -20
o
C, then thawed and processed for 




) and ammonia 
(NH4
+
), by using AII automatic chain (SAN
plus
 Segmented Flow Analyser, 
SKALAR).  
Per station, three replicate samples were collected for meiofauna by means 
of cores of 10 cm² in surface. They were fixed and preserved in the field in 7 % 
neutralized formalin (heated to 60-70°C). In the laboratory, meiofauna taxa were 
extracted from the sediment fraction using Ludox HS-40 colloidal silica at a specific 
gravity of 1.18 g.cm
-3
 and a 38 µm sieve (Vincx, 1996). In order to facilitate sorting 
of the meiofauna, the samples were stained with 1% solution of Rose Bengal. Major 
taxa were identified by using the meiofauna handbook of Higgins and Thiel (1988) 
and Giere (2009).  
 
2.2. Data analysis  
The meiobenthos data were collected and processed in Microsoft Excel 7.0 
to calculate the densities, number of taxa, and to identify the dominant taxa. The bio-
diversity indices (e.g. Shannon-Wiener diversity H’ (log2), Hill indices) were 
calculated by the PRIMER v.6 software to assess the structural diversity of 
nematode communities.  
All of the univariate variables such as number of taxa, densities and 
biodiversity indices were analysed for significant differences between stations. The 
technique of analysis of variance (ANOVA) was applied when the assumption of 
homogeneity of variances in the Levene test was fulfilled (p>0.05). If the 
assumption of homogeneity of variances was not, the data was transformed by 
log(x+1) to test again with ANOVA techniques. If they were still not significant 
different, the non-parametric Kruskal – Wallis test by rank was used. To explore 
further the pairwise differences between stations, the post hoc Tukey HSD test was 
use after ANOVA analysis, whereas the multiple comparison by mean ranks for all 
groups was applied in the case of the Kruskal – Wallis test. The software 





To investigate the composition of the meiobenthos assemblages from the 
different stations, the densities were transformed with log (x+1). The 
multidimensional scaling ordination technique (MDS) using the Bray – Curtis 
similarity indices was performed for visualisation of the similarity patterns of the 
meiobenthos assemblages. Then, the Analysis of similarities (ANOSIM) was 
applied to test for significant difference between defined groups, in this case the 
stations.  
The environmental data was normalised when applying the BEST 
technique to select environmental variables "best explaining" community pattern of 
meiobenthos assemblage. The Spearman rank correlation was used. 
 Techniques such as MDS, ANOSIMand BEST were run by the PRIMER 
v.6 software. 
3. Results 
3.1. Water and sediment environmental characteristics. 
Water temperature ranges from 29.3 – 35
o
C over all stations. The variation 
is related to the time of sampling: cooler temperatures at early morning and late 
afternoon, higher temperatures at midday. The pH and the salinity in general 
decrease from the river mouth to inland in each of the estuaries. The salinity ranges 
from 0.3 to 30 (PSU) but reaches different levels in each of the estuaries related to 
the distance from the mouth. However the tidal regime also influences the salinity at 
each sampling station. Nevertheless, the salinity measurements done during the 
moment of sampling confirmed earlier identified salinity regions of the estuaries 
(stations 1 and 2 are both polyhaline, stations 3 are all mesohaline and the stations 4 
are oligohaline) except that EDA4 and ECC4 showed salinities in the mesohaline 
class. The values of pH in all sampling stations are higher than 7. They were rather 
low in those stations far from the sea but they were all high in the river mouth (pH> 
8, alkaline environment). Dissolved oxygen (DO) shows different patterns for 
different estuaries since high values were recorded at ECT, but the DO 
concentrations were rather lower along ECD (figure 2).  
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Figure 2: a) Salinity, b) dissolved oxygen (mg/l), c) pH and d) temperature (
o
C) 
of the overlying  water in all stations from the  5 estuaries 
 
The sediment in all but one of the stations situated at the river mouth 
consisted of 100% sand. Only the sediment of station ECC1 had 80% sand. From the 
second stations inland, the percentage of sand decreased (except for station ECC2) 
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Figure 3. The grain size composition expressed as % sand, silt and clay in all 






The coliform bacteria concentrations (figure 4) show a high variation 
between estuaries and sampling stations. In some stations, mainly from the 
polyhaline part, no coliforms were detected such as in EBL1, EBL2, ECC2 and 
EDA1. The estuary ECD presents on average the highest concentrations comparing 
the 5 estuaries except for its freshwater station. Most coliform concentrations range 
from 0-35000 MPN/100 ml. Only at ECD1 and EDA4, the coliform concentrations 
appeared very high (35000 MPN/100 ml). In the other stations, the coliform 






















Figure 4. The concentrations of coliform bacteria (log scale MPN/100ml) in the 
sediment in all stations from the 5 estuaries 
 
The total pigment concentration including phaeopigments in the surface 
sediments (0-2 cm) over the 19 sampling stations ranged from 0.4 -45.8 µg/l over 
the total sediment profile (figure 5a). The amount of chlorophyll a ranges from 0.1 – 
22 µg/l (figure 5b). The sediment pigment concentration showed for three out of the 
five estuaries highest values in the middle of the sampled part of the estuaries 
(stations 2 or 3). In most of the stations situated at the river mouth, or near the 
freshwater part, the pigment concentrations were rather low, except for station 1 and 
4 of the Co Chien estuary (ECC) and station 4 of EBL. The percentage of 
chlorophyll a (fresh pigments) per total pigment concentrations in the sediment is 
ranging from 2.7%-85.4%.  Estuary EBL shows the highest values with respectively 
74.4 %, 69.1% and 83.4% from the mouth to inland. In 3 estuaries ECD, ECC and 
EDA, the percentage of chlorophyll a reduces from the mouth stations toward inland 
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(table 1) while ECT shows the highest value at the middle part of the estuary, 
whereas high values are found through the estuary in EBL (table 1). 
Table 1. The percentage (%) of chlorophyll a per total pigments concentration in the 
sediment 
Station ECT ECD EBL ECC EDA 
1 2.7 84.5 74.4 85.4 66.7 
2 47.8 29.7 69.1 63.4 52.6 
3 48.2 31.9 - 43.2 65.7 



























Figure 5. (a) Amount of the total pigment concentration (µg/l) and (b) chlorophyll a 
(µg/l) in the sediments  
The NH4
+ 
concentration (figure 6) increased with depth in the sediment in 
various stations from all estuaries. Stations ECT1, ECD2, EBL4, ECC4, and EDA1 
all showed maxima of more than 3000 µg/l at 5 -10 cm depth. In most other stations 
the depth profiles were much less pronounced or flat. The stations EDA3, EBL2 
showed relatively high values (>2000 µg/l) over the whole sediment profiles. In 
contrast, some stations as ECD1, ECD4, ECC2 and EDA4 showed only values 
lower than 1000 µg/l.  
Nitrite (NO2
-
) concentrations (figure 7) were always lowest in the estuaries 
ECT and ECC (< 12 µg/l). In ECT, nitrite increased with depth in the sediment until 
3-4 cm, except for ECT2 where there is a decrease with depth in the sediment. In 





the 3 other estuaries, nitrite was occasionally high, up to 40µg/l, or exceptionally 
even 100 µg/l at 5 to 10 cm depth in ECD2.  
In contrast to nitrite, the nitrate (NO3
-
) concentrations (figure 8) generally 
decreased from the poly- to the meso- and oligohaline part of the estuaries. When 
the estuaries were compared, the highest concentrations are found at ECD, ECT and 
EBL. Much lower values are found at EDA and ECC. The depth profiles in the 
sediment are highly variable from surface maxima in some stations to subsurface 









































































Figure 6. The NH4
+ 



































































Figure 7. The NO2
- 


































































Figure 8. The NO3
- 
concentration (µg/l) between 0-10 cm deep 
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3.2. The composition, densities and biodiversity of meiofaunal assemblages in 
the 5 Mekong estuaries  
In total 20 higher meiofauna taxa and 1 type of nauplius (appendix 2) were 
recorded in the 5 estuaries. Nematoda dominated the meiofauna with 40-98% but 
Copepoda, Turbellaria, Oligochaeta, Polychaeta, Bivalvia and Ostracoda were also 
represented by several individuals. Some taxa such as Tardigrada, Amphipoda, 
Syncarida, Tanaidacea, Sycarida, Acarida, Decapoda were only recorded with a very 
small number of individuals. The same occurs for Cumacea, Isopoda, Gastropoda, 
Kinorhyncha and aquatic insect larvae such as Diptera, Coleoptera and Trichoptera, 
which were found in some brackish or fresh water stations. All Crustacea larvae 
identified as nauplii stages were classified in one group present in almost all stations 
of the 5 estuaries. 
  
Small differences in total number of taxa were found between the different 
estuaries:  ECC has the highest total number of taxa (18), followed by EDA and 
ECD with 16 taxa, then ECT with 14 taxa and finally EBL with 13 taxa. The 
subdominant taxa (>100 ind./10cm
2
) were also different for the different estuaries. 
Next to the most dominant position of Nematoda, the following taxa were most 
abundant in different estuaries:  Ostracoda, Amphipoda, Copepoda and Turbellaria 
in ECC, Copepoda, Turbellaria and Ostracoda in EDA; Oligochaeta, Turbellaria in 
ECT; Turbellaria, Oligochaeta, Ostracoda in ECD; and Copepoda, Turbellaria, 
Polychaeta, Tardigrada in EBL. 





 on the average. Densities increase in most estuaries from the 
polyhaline part towards the mesohaline part, and then decrease again towards the 
oligohaline stations except for EBL (figure 9). There are some sampling stations 
with very high densities. Especially ECT2, ECD2, ECC3 and EBL4 present 
densities of more than 3000 ind./10cm
2
. In contrast, some stations in the oligohaline 
region were represented by rather low densities (less than 200 ind./10 cm²) such as 





0.01) and post hoc comparison confirmed the significant higher densities in the 
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Figure 9. The densities of total meiofauna (ind./10cm
2
) per station in all stations 
from the 5 estuaries. (average ± standard deviation) 
The diversity of the meiofauna assemblages was calculated as Shannon-
Wiener (H’) and Hill indices (N1, N2 and Ninf.). The H’ index ranged from 0.2 -1.14 
on average. The H’ diversity value was generally highest in the polyhaline stations 
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Figure 10. Biodiversity indices (H’, N1, N2, N∞) of meiofauna in all stations of the 5 
estuaries (average ± standard deviation) 
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A Kruskal – Wallis test confirmed significant differences between stations for 
meiofauna diversity (table 2) as expressed by the Shannon-Wiener index. A multiple 
comparison test indicated that station ECT1 was different from EBL4 and ECD4. In 
addition, also Hill indices showed significant differences between station ECT1 and 
the three freshwater stations ECC4, EBL4 and ECD4. 
Table 2. The Kruskal – Wallis coefficient and p- values for different diversity 
indices   
Index p H (18, N=57) 
H’ 0.0001 49.55 
N1 0.0001 49.54 
N2 0.0001 49.64 
N∞ 0.0001 49.37 
 
3.3. The multivariate analysis of meiobenthos assemblages  
The MDS based on the Bray – Curtis similarity of the meiofauna 
assemblages (figure 11) did not show a clear pattern related to salinity, nor were the 
different estuaries separated (confirmed by ANOSIM). Furthermore the stress value 
exceeded 0.2 (0.21). 
Transform: Log(X+1)































































3.4. Correlation between the environmental characteristics and the structure of 
the meiofauna assemblages  
The BEST analysis showed a combination of 4 variables Grain size, DO, 
Coliform densities and NH4
+
 concentrations correlate best with the meiofauna 
assemblage composition (rs = 0.426). 
The diversity index H’ showed a significant positive correlation with 
dissolved oxygen (N = 57, r = 0.47, p < 0.001) (Fig 12a). There was also a weaker 
but still significant negative correlation of the diversity index H’ with Chlorophyll a 
(N = 57, r = - 0.279, p = 0.035). Also the total meiofauna densities were positive 
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Figure 12. The relationship between (a) diversity (H’) and DO and  
(b) meiofauna densities (ind./10cm
2
) and chlorophyll a (b) 
 
4. Discussion 
4.1. Environmental gradient in the 5 Mekong estuaries  
One of the most prominent and important environmental characteristic in 
estuaries is the presence of a salinity gradient. The salinity pattern in the estuaries 
ECC and ECT was somehow conflicting with the observations in the other estuaries, 
in the sense that the first station at the river mouth showed lower salinity than the 
second station situated further away from the sea at around 15 km land inward. The 
tidal level at the time of sampling is considered as the main responsible factor for 
these aberrant salinity data.  
As reported by McLusky and Elliott (2004), an estuary is a very dynamic 
ecosystem connected with the open sea, through which seawater enters according to 
the semidiurnal rhythm of the tides, and with rivers providing freshwater. The 
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seawater is then measurably diluted with freshwater resulting in many processes 
influencing the environmental characteristics in an estuary. In the Mekong estuaries 
some water and sediment related environmental characteristics, such as grain size, 
pH and to a lesser extent dissolved oxygen showed an increasing trend along the 
salinity gradient from the oligo- to the polyhaline part. However, the results also 
indicate a large variation in environmental characteristics such as pigment and 
nutrient concentrations andespecially ammonium in the sediment, which are not 
correlated to the estuarine gradient.  
The Mekong River carries about 4-5kg alluvium/m
3
 of water rich in 
nitrogen and minerals which explains the high percentage of silt and clay (Phan and 
Hoang, 1993). This matter deposits and quickly accumulates down into sediment at 
estuaries where opposite currents from in- and outflowing water mixes. Those 
processes usually take place in the brackish water region where the two water bodies 
(saltwater and river-flow) meet (McLusky and Elliott, 2004). Therefore, the 
percentage of silt and clay is rather high from the middle part toward inland of the 
estuaries where deposition is highest. In this way many fertile alluvial islands were 
created in the estuarine area to form a delta. The sediments of the stations at the river 
mouth mainly consist of sand (up to 100%, except ECC1) due to the tidal action that 
cleans the sand from small particles. The sediment grain size is an important 
environmental factor since it provides the physical and chemical habitat of the 
benthic meiofauna.  
The Mekong delta was reported before as organically polluted (Minh et al., 
2007; Ikemoto et al., 2008). Therefore, the coliform concentration was analyzed in 
order to identify areas of higher pollution (Farrapeira et al., 2010; Gerba and 
McLeod, 1976; Raymond and Gerba, 1980). The concentrations of coliform bacteria 
in the sediment were very variable over the 5 estuaries. Some stations, such as 
ECD1, EDA4, showed very high values (>10000 MPN/100ml) whereas in other 
stations (EBL1, EBL2, ECC2 and EDA1) coliform bacteria were not detected. 
Estuary ECD had overall the highest concentrations of coliform bacteria and the 
estuaries EBL and ECT contained the lowest concentrations of coliform bacteria. In 
a study by Gerba and McLeod (1976) on the estuaries of Galveston Bay and West 





from 540 - 35000 MPN/100ml in the mesohaline part down to 2-240 MPN in the 
polyhaline parts of the estuaries. Remarkably, the concentrations of coliform 
bacteria in the sediment of the same estuaries increased dramatically in the 
mesohaline part (from 16000-2400000 MPN/100ml) whereas they decreased down 
to 2-7 MPN/100 ml in the polyhaline area. Hence, the concentrations of coliform 
bacteria in the Mekong estuarine sediment are not so high compared with some other 
estuaries in the world except for the stations ECD1 and EDA 4.  
The concentration of chlorophyll a is indicative for the amount of fresh 
plant material present in the sediments.  In the estuarine area, a large portion of plant 
detritus derives from phytoplankton and phytobenthos, as well as from terrestrial 
plants and it is a measure for the potential fresh carbon sources for bacteria, 
meiofauna, protozoa and other benthic organisms, whose feeding activities may 
convert the chlorophyll to phaeo-pigment (Tietjen, 1968). 
The amount of chlorophyll a and total pigment concentration differs 
between the 5 estuaries. The estuaries ECT, ECD and EDA have high amounts of 
chlorophyll a and total pigment concentration concentrations in the middle parts 
(station 2 and 3) and low concentrations at the mouth and the freshwater stations. 
The pattern in ECC is however opposite with much higher values in stations 1 and 4, 
whereas estuary EBL shows an increase from the mouth station toward inland. In 
addition, the highest percentage of chlorophyll a, relative to the total total pigment 
concentration, is found in the estuary EBL indicating that the photosynthetic primary 
production in this estuary is high; whereas in the other 3 estuaries ECD, ECC and 
EDA, this percentage is only high in the polyhaline stations and reduces inland. This 
indicates that the fresh chlorophyll is reduced from the high salinity zone to the 
freshwater part and is replaced by degraded detritus. ECT is the only estuary that 
shows a low percentage of chlorophyll on the total total pigment concentration in the 
mouth and freshwater station. 
The amount of sediment pigments in the 5 Mekong estuaries is not so 
different from the concentrations in the Niantic River, United States (both North and 
South Shoals) ranging from 5.9-31.6 µg/g sediment, or the concentrations in the 
Pettaquamscutt river (both east and west) with 6.6-23.9 µg/g sediment (Tietjen, 
1968). The amount of chlorophyll a is also in the same range as found in the 
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Western Scheldt estuary (the Netherlands) with values of 0.3-27 µg/g sediment 
(Jong and Jonge, 1995).  Although many factors influence estuarine and coastal 
primary productivity, the rates of supply of nutrients are fundamentally important in 
regulating this process. In estuarine ecosystems, nitrogen (N) is commonly the most 
limiting nutrient for phytoplankton production (Pinckney et al., 2001). As nitrogen 
passes through the estuarine environment it undergoes a complex series of 
transformations, with nitrification and denitrification being essential microbiological 
processes (Niels et al., 2004). The organic matter bound nitrogen accumulates at the 
bottom and is either buried permanently or undergoes decomposition resulting in the 
release of NH4
+
 from the process of bacterial reduction-oxidation reactions in the 







 before the denitrification process convert them back to N2 







 in the sediments of the 5 Mekong estuaries. For instance, NH4
+
 
concentration shows generally an increasing concentration with depth in the 
sediment in most of estuaries because of the lack of oxygen in the deeper layers. It 
also indicated that organic matter bound nitrogen increases in deeper sediments. 
Two estuaries ECT and ECD showed that the NH4
+
 concentrations decreased from 
the marine part towards the oligohaline stations which could indicate that the buried 
organic matter decreases in the sediment when salinity decreases. In the other 3 
estuaries the pattern is opposite.   
NH4
+
 is oxidized to NO2
-
 by ammonium oxidizing bacteria but NO2
-
 is a 
polyatomic ionic compound that is oxidized on its turn to NO3
-
 by nitrite oxidizing 
bacteria (Niels et al., 2004) which means that NO2
-
 is a transitional phase in the 
nitrification process. That is why the values of NO2
-
 concentration in the 5 Mekong 









 in the Mekong estuaries also show the expected pattern of lower 
concentrations in the deeper layers except for some stations such as the polyhaline, 
sandy stations ECT1, ECD2, EBL1 and ECC1, but also ECT3. This is explained by 
the fact that in most silty sediments nitrification takes place in the oxygenated zone 
just a few centimeters below the surface sediment since the aerobic litotrophic 
process of nitrification is dependent on the supply of both NH4
+





al., 2004). This fits also to the observation by Caffrey et al. (1993) that nitrification 
rates decrease with sediment depth, associated with the decrease of oxygen and with 
the amount of organic matter available. So the polyhaline sandy stations do not show 
a decrease in nitrate concentrations with increasing sediment depth suggesting that 
these stations are well oxygenated along the total sediment profile. 
 
4.2. Meiofauna assemblages in correlation with environmental characteristics. 
The total number of higher taxa in the meiofauna assemblages of the 5 
Mekong estuaries in the dry season amounts 21 major taxa. The number of 
meiofauna taxa observed in the Mekong is much higher compared to the number 
found in 5 European estuaries studied by Soetaert et al. (1995), where 13 taxa were 
found. Also the number of meiofauna taxa per Mekong estuary ranging from 13 to 
18 taxa is higher than the values recorded for several other estuaries. In the Cua Luc 
estuary (North Vietnam), Pavlyuk et al. (2008) recorded 11 taxonomical groups. The 
number of taxa in the present study is more similar to the 17 taxa found in the study 
on the Mira estuary by Adao (2003) but higher than  the 12 meiofauna taxa found by 
Alves et al. (2009) for the Mira and Mondego estuaries.  
Not only the number of taxa, but also the densities of the meiofauna in the 
5 Mekong estuaries are high compared to the average recorded densities worldwide. 
Figure 13 shows the intertidal meiofauna densities in relation to the salinity gradient 
in different estuaries from different parts of the world such as Cape York in 
Australia (Alongi, 1987), the Ems and the Scheldt (Westerschelde) in the 
Netherlands, the Somme and the Gironde in France, the Tagus in Portugal, the 
Tamar in England (Soetaert et al., 1995), and the 5 Mekong estuaries from this 
study. It shows that the meiofauna densities in most of the stations in the 5 Mekong 
estuaries are lower than the counts in the Somme and Ems estuary but higher than 
that in Cape York estuary as well as in the Scheldt and Gironde.  
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Figure 13. The densities of meiofauna (ind./10cm
-2
) in the intertidal zone of the 5 
Mekong estuaries and other estuaries worldwide plotted against salinity 
 
In estuaries, the tidal regime, the salinity and the sediment characteristics 
are typically the main determinants of the meiofauna distribution (Soetaert et al., 
1995; Coull, 1999). In contrast to other estuarine studies (Soetaert et al., 1994, 1995; 
Udalov et al., 2005, and Alves et al., 2009), there is not a clear tendency of 
decreasing densities along the salinity gradient in the Mekong estuaries.  In addition 
to salinity, the structure of the meiofauna assemblages in the 5 Mekong estuaries 
was influenced by a combination of many environmental factors such as grain size, 
chlorophyll a, ammonium, coliform concentrations in the sediment and dissolved 
oxygen of the water column.  
Although no prominent pattern in meiofauna community structure was 
observed, the BEST analysis selected grain size, coliform concentrations, 
ammonium and DO as the best combination of environmental variables that 
correlated with the meiofauna. Beside salinity, also NH4
+
 and coliform, oxygen were 
considered before as the predominant factors among the abiotic parameters 
determining the habitat conditions, and so the presence and abundance of different 





approach that nutrient concentration and grain size were explaining meiofauna 
communities.  In the Mekong estuarine system, the taxa diversity tends to decrease 
with decreasing oxygen concentrations in the overlying water column. It 
demonstrates that likely several meiobenthic taxa have higher oxygen demands. It 
was indeed demonstrated before that several meiofauna groups such as copepods 
and ostracods are more sensitive than nematodes to low oxygen concentrations 
(Moodley et al., 1997; Wetzel et al., 2001), and may lower in abundance or 
disappear leading to an overall dominance of nematodes and a reduced diversity in 
areas with lower oxygen supply. Both diversity and densities only increased 
significantly though weak with chlorophyll a concentrations in the Mekong which 
was in accordance with previous observations. Also Tolhurst et al. (2010) and Netto 
and Gallucci (2003) found in general no or weak correlations between meiofauna 
community characteristics and a whole range of relevant environmental variables.  
The most siginificant correlations were found between densities and detritus 
biomass in the South Brazilian mangrove area (Netto and Gallucci, 2003).  Tolhurst 
et al. (2010) suggested that localized factors are driving patterns in fauna at small 
scales, which complicates the correlation between biota and abiota at larger scales 
like in this study.  
 
5. Conclusion 
These first records of Meiofauna assemblages in 5 Mekong estuaries are 
characterized by a high number of taxa and high densities. Nematodes play an 
important dominant position controlling the characters of the meiofauna assemblage. 
The distribution of the meiofauna expresses large variation between sampling 
stations within and between the estuaries. There is no clear response between the 
meiofauna densities and diversity in relation to the salinity gradient but there are 
trends related to a combination of environmental factors. The highest densities and 
lowest diversity seems to be associated with the most organically enriched stations, 
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Nematode communities in 8 Mekong estuaries were investigated in the dry 
season in order to understand the structure and the diversity of the communities, and 
how they correlated with environmental characteristics. In each of these 8 estuaries, 
3 to 4 sampling stations were identified at approximate fixed distances along the 
estuaries to collect nematode samples and characterize relevant environmental 
variables. The nematode communities showed a strong correlation with sediment 
composition and to a lesser degree also with chlorophyll a leading to the 
identification of 4 types of communities each with their particular characteristics. 
We identified two types of Desmodora communities in the sandy mouth stations and 
two types of Parodontophora communities in the silty stations. One of the silt 
associated communities shows a preference for the higher chlorophyll a 
concentrations, resulting in higher densities and higher diversity mainly of 
monhysterid species. Because of the strong association between community 
structure and sediment composition, nematodes are a meaningful tool for monitoring 
changes in their environment. In case their community deviates from what is 
expected based on sediment it may serve as an early warning for anthropogenic 
impact effects.   
 
Keywords: Nematode communities, sediment, the Mekong estuaries, monitoring  
 
1. Introduction:  
Nematodes play an important role in the estuarine habitat, since they are 
nearly always the most abundant metazoan taxon comprising 60-90% of the total 
fauna in the sediment (Coull, 1999). In the estuarine environment, there are however 
many physical and chemical factors, that are influencing their community structure 
and distribution patterns. Coull (1999) considered sediment particle size, salinity and 
temperature as the three most important factors that have an effect on the abundance 
and composition of benthic communities in estuaries.  Nowadays, it is known that 
both the combination of sediment composition and salinity are primarily important 
for the composition and structure of the nematode communities (Adao et al., 2009, 





related to tidal regimes are commonly impacting the nematode communities in 
estuarine sediments. In addition to sediment and salinity,  other factors such as 
chlorophyll a and Total Organic Matter (TOM) supply seem to influence the 
distribution of nematode communities too (Vincx, 1990; Vincx et al., 1990). 
Unfortunately, the highly variable environment of an estuary, despite the 
strong interaction between sediment, salinity and benthic communities, hampers the 
identification of reliable and simple biological measures for disturbance. A study of 
Deeley and Paling (1999) mentioned that larger deposit feeders primarily feed on 
bacteria, benthic microalgae, microfauna, meiofauna and detrital material in the 
sediments. This group of organisms is particularly important in estuaries as they 
continually rework the sediments and may alter the physical, chemical and 
biological characteristics of the estuary floor. These authors further showed that the 
zoobenthic community structure including meio- and macrofauna may be influenced 
by the nature of the substrata, by physical and chemical environmental processes, by 
localized disturbances, by the recent evolutionary history of the community and by 
the recruitment and settlement dynamics.  
It is proven in many studies that evaluated the use of nematode 
communities for ecological quality assessment that the proposed measures for 
impact by disturbance such as diversity indices, the maturity index or biomass 
spectra of nematode communities do not show unequivocal responses to disturbance 
mainly by their complex interactions with other natural, and very variable 
environmental characteristics.  
However, Heip et al. (1985) still recommended the use of nematode (and 
meiofauna in general) for detecting pollution. Marine nematodes have been 
suggested as potential pollution indicators as they possess some particular 
characteristics such as a short life-span and a high diversity (Heip, 1980).  
Many different  tools were used in the past based on meiofauna and 
specificly nematodes as pollution indicators  such as densties, diversity, multivariate 
community analysis from a lower to a higher taxa level, the trophic diversity index - 
ITD (Heip et al., 1985), nematode:copepod ratio (Rafaelli and Mason, 1981; Coull et 
al., 1981), graphical methods for diversity such as the K- dominance curve 
(Lambshead, 1986), the Maturity index (Bongers, 1990; Bongers et al., 1991; 
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Bongers and Ferris, 1999; Ferris et al., 2001), or biomass spectra (Vanaverbeke et 
al., 2003).  
The Mekong River delta in South Vietnam is a complex estuary consisting 
of 8 branches which were not previously investigated for meiobenthos in general or 
for the numerical dominant metazoan taxon of the Nematoda. It is an area under 
strong anthropogenic influence by high population densities, intense aquaculture, 
seafood processing manufactories, mangrove deforestation and the construction of 
dams.  
Therefore this study aims to provide a baseline survey of the nematode 
communities of the Mekong delta, to understand the relationship between the 
structure of the present communities and the prevailing environmental conditions 
and to identify to what extent anthropogenic impact may affect them. Three main 
research questions were targeted: 
1. Are the present nematode communities similar in terms of 
densities, diversity and composition as those from other estuaries 
worldwide? 
2. Are salinity and sediment composition the major structuring 
factors for the present nematode communities, and can we identify specific 
communities for specific habitats? 
3. If this is the case, can we also identify communities that are 
different than expected based on the prevailing environmental conditions, 
and can we associate these differences to disturbance? 
2. Methodology:  
2.1. Study area and sampling design 
The great Mekong River enters Vietnam splitting into two branches 
consisting of the Bassac River (Hau River) in the south, and the Mekong River (Tien 
River) in the north. These two branches form the Mekong Delta. The Bassac River 
approaches the sea by 2 sub-branches: the Tran De estuary (ETD) and the Dinh An 
estuary (EDA). The Mekong River in the north separates into two sub-branches: the 





Chien estuary (ECC) and the Cung Hau estuary (ECH). The My Tho river creates 4 
estuaries: the Cua Tieu estuary (ECT), the Cua Dai estuary (ECD), the Ba Lai 
estuary (EBL) and the Ham Luong estuary (EHL). In each of these 8 estuaries, 4 
sampling stations were identified at approximate fixed distances along the estuaries 
to collect nematode samples, except for the Ba Lai estuary where only 3 stations 
were established because of the presence of an irrigation dam at the level of the third 
station Therefore, in total 31 sampling stations were established to collect nematode 
samples in the dry season (March 2009) (figure 1).     
 
 
Figure 1. Map of nematode sampling stations in 8 estuaries 
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Some physicochemical parameters were measured in the overlying water of 
about 30 cm high at each sampling event including temperature, salinity, pH, electric 
conductivity, dissolved oxygen. Data on sediment characteristics such as nutrients 
(nitrite, nitrate and ammonium), chlorophyll a, phaeopigment concentrations and 
granulometry were obtained through the facilities present in the Marine Biology 
Section at the Ghent University. Sediment coliform concentrations were measured 
by the standard Most Probable Number (MPN) method (Olson, 1978) (see chapter 
3).  
In each estuary, four sampling stations (except only 3 in EBL) were 
identified which represent a comparable salinity gradient, based on the distance from 
the mouth. In each station, triplicate sample were collected by means of 10 cm² 
cores, pushed in the sediment until at least 10 cm depth. These samples were 
preserved in 7 % neutralized formaldehyde (heated to 60-70°C).  
The samples for nematode analysis were extracted from the sediment by 
passing a 1 mm sieve and keeping the fraction retained on a 38 µm sieve. Then, they 
were separated and collected by floatation technique using Ludox-TM50 (specific 
gravity of 1.18) (Vincx, 1996). In order to facilitate sorting of the nematodes, the 
samples were stained with 1% solution of Rose Bengal. All nematodes in the 
samples were counted under a stereo – microscope. About 200 nematodes in each 
sample (if the sample consists of less than 200, all nematodes in that sample) were 
picked out randomly and processed for making permanent slides for identification 
(De Grisse, 1969).  
All selected nematodes were identified to genera level by using the pictorial 
key on Free living Marine Nematodes part I and part II (Platt and Warwick, 1983, 
1988), part III (Warwick et al., 1988), the Identification manual for freshwater 
nematode genera (Zullini, 2005 – unpub.), Bongers (1988), Nguyen (2007), the 
handbook on Freshwater nematodes: ecology and taxonomy (Eyualem – Abbe et al., 
2006) together with other articles and the NEMYS database (Deprez et al., 2005). 
The nematodes were classified  into four feeding categories, based on the structure 
of the buccal cavity according to Wieser (1953): (1A) the selective deposit-feeders 





selectively on small particles including  bacteria; (1B) non-selective deposit-feeders 
are genera with unarmed buccal cavity of moderate size, which feed less selectively 
so that also larger particles, such as diatoms can be ingested; (2A) epistratum 
(epigrowth) feeders are genera with a medium sized buccal cavity, provided with 
small teeth that are used to pierce food particles or to scrape them of a solid surface; 
(2B) predators or omnivores are genera with a wide buccal cavity with large teeth or 
other strong mouth structures that are used to destroy relatively large food items 
including prey. 
 
2.2. Data analysis 
Nematode community analysis 
To measure the diversity of nematode communities, different indices were 
applied. The Shannon-Wiener diversity (H’) (Shannon and Weaver, 1949) is 
calculated from the proportional abundances pi of each species (abundance of the 
species (Ni) per total abundances (Nt)): H’= -Σ (pi*log (pi)) (in which pi = Ni/Nt = 
relative abundance of the i
th
 species or genus. The Hill indices (Hill, 1973) with the 
order N0, N1, N2 and N∞ that give an estimate of diversity by giving similar weight 
to all species (or genera here) in N0 towards stronger emphasis to the most dominant 
ones (N∞) and recommended for meiofaunal assemblages by Heip et al. (1988). The 
Hurlbert’s index – ES (50) (expected number of species (here genera) for 50 random 
individuals) were also calculated (Hurlbert, 1971).  
The Maturity index – MI (Bongers, 1990) was also used in order to 
interpret environmental disturbance (Bongers et al., 1991) on nematode 
assemblages. In short, a higher value of this index indicates a higher degree of 
persistence, a lower value a more opportunistic community (see more in chapter 1, 
part 2.2).  
To process the data with univariate methods, the software STATISTICA 
7.0 was used for one way ANOVA analysis (parametric test) with assumptions of 
homogeneity tested by Levene's test. Then Posthoc test (Tukey HSD) was applied 
for comparison in order to find significant different groups. In the case that 
homogeneity of variances as identified by the Levene’s test was not fulfilled (even 
not after log transformation of the data), the Kruskal – Wallis test (non-parametric 
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test) was done and multiple comparisons of mean ranks for all groups applied in 
order to recognize significant different groups. 
The structures of the nematode communities were explored by using 
multivariate statistics with the software PRIMER v.6. The data was transformed 
based on log(x+1) for analysis. A cluster analysis (using a Bray Curtis similarity) 
was performed with all the replicates in order to explore the pattern of the groups. 
However, using all replicates made it difficult to observe patterns. Therefore, the 
average values of stations with log(x+1) transformed data were preferred. The 
SIMPROF technique (SIMilarity PROfile) was used to test for significant groups. 
This routine uses randomisation procedures to test whether groups are different. A 
significant level is indicated by a smooth black line while the red dashed line means 
not significant. When the significant groups were organized by SIMPROF, the MDS 
analysis (Non-metric Multi Dimensional Scaling analysis) was used to produce 2D 
graphs basing on the Bray – Curtis similarity index in order to visualize the pattern. 
The SIMPER analysis (SIMilarity PERcentages) is the method that allows 
identifying the taxa that are responsible for similarities and dissimilarities. It 
examines the contribution of each taxon to the average Bray-Curtis dissimilarity 
between groups of samples. It also determines the contribution to similarity within a 
group (Clarke and Warwick, 2001).  
 
Analysis of environmental variables 
The environmental variables were analysed by a Draftsman plot to check 
skewness and homogeneity of the data points. In the case that environmental 
variable was not normal distributed, these data were normalised and log(x+0.1) 
transformed to reconstructed the Draftsman plot to check homogeneity of the data 
point again. The Euclidean distance was used for resemblance measure data. The 
BEST routine (BIOENV) was also applied to investigate whether the environmental 
patterns correspond with the pattern inferred from the nematode genera communities 
and to define which combination of variables correspond best.  
The environmental data was also normalised to perform the PCA (Principal 
Component Analysis) to identify the present environmental gradient in the pattern. 





the time of sampling in the tidal cycle. All of these processes were performed in the 
PRIMER v.6 software. 
To check the significant differences of environmental variables between 
groups, one way ANOVA analysis (parametric test) with assumptions of 
homogeneity tested by Levene's test was used. It was followed by the Posthoc test 
(Tukey HSD), which can help to find significant different groups. When the 
assumption of homogeneity of variances was not fulfilled, even not after 
transformation, the non parametric Kruskall Wallis test (non-parametric test) was 
applied combined with multiple comparisons of mean ranks for all groups in order 
to recognize significant different groups.  
Non-parametric Spearman rank correlation co-efficients were computed 
(p<0.05) to identify correlations between environmental variables and characteristics 
of the nematode assemblages. The analysis of variance and correlation tests were 
processed by the software STATISTICA 7.0.  
 
3. Results: 
3.1. Densities and biodiversity of nematode communities 
The nematode densities varied between 3592.3±15.5 ind./10cm
2
 in EBL4 
and 88.3±33.1 ind./10cm
2
 in EHL2. Only estuary ETD showed significant higher 
densities compared to the estuaries EHL and ECH (Kruskal-Wallis test: H (7, N= 
93) =26.75, p =0.0004), while densities also did not show a particular common trend 
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Figure 2. The average and standard deviation for nematode densities (ind./10cm
2
) in 
the 8 estuaries 
In total 230 genera were identified belonging to 58 different families, 10 
orders, and 2 classses: the Enoplea and the Chromadorea. The most abundant 
families are Xyalidae and Chromadoridae representing 8% each of the total, while 
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6.2% is represented by Cyatholaimidae, 5.3% by Monhysteridae and 4.9% by 
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Figure 3. The average and standard deviation for the Shannon – Wiener index based 
on nematode genera in the 8 estuaries 
The genera diversity per station calculated as the Shannon – Wiener index 
ranged from 2.1 ± 0.3 to 4.2 ± 0.3. The Hill index N0 varied between 10.3 ± 3.2 and 
36 ± 2.6 whereas N∞ showed values ranging from 1.8 ± 0.25 in ECT4 to 6.4 ± 2.3 in 
ETD4. None of the diversity indices showed a prominent increasing or decreasing 
trend along the course of the estuaries. There was no significant difference of any 
Hill diversity index between estuaries but there were significant differences (F = 
3.027, df = 7, p = 0.006) for the Shannon – Wiener index. The post hoc (Tukey 
HSD) test showed significant different between estuary EHL (with lower diversity) 
with ECC and ETD (p<0.05).  
 
3.2. The distribution pattern of nematode communities 
A cluster analysis grouped replicates within all stations at the highest 
similarity level except for  the stations EHL2, ECT2, ECT3, ECD3, ECH2 and 
ECC3 (see appendix 6). However the replicates of these stations are still clustered at 
a high similarity level (> 50%). 
Therefore, the SIMPROF was performed on the averaged data per station in 
order to reduce the number of samples and facilitate the representation in the 
dendrogram (Figure 4). The SIMPROF dendrogram shows a similar pattern of the 
cluster analysis but indicates the significant level to distinguish groups. At the level 
34.5%, the SIMPROF shows 4 statistically significant groups in addition to 3 
outlying stations. Group a includes the stations ECT1, EHL1, ECH1 and ECH2, 
Group b includes the stations EDA1, ECD1, EBL1. Group c includes the stations 





ECD3, ECD2, ETD1, ECC1, ECC2, ECC3, ECC4, ECD4, ETD2, ETD3, ETD4, 
ECT2, ECT3 and EBL4. The 3 separated stations are EHL4, EBL2 and ECT4. 
At the level of 30%, the SIMPROF also showed 2 statistically significant 
groups: a first group which combines group a and group b; and a second group 
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Figure 4. The SIMPROF analysis show significant group at level 34.5 % 
 
An MDS was performed to visualize the pattern of the groups at the 
similarity levels 30% and 34.5 % as shown in figure 5. The BEST procedure 
including all environmental variables measured showed that % silt (or % sand) 
showed the strongest correlation (Rho = 0.461) with the community structure. 
Indeed, comparing to the SIMPROF groups at the level of 30% in terms of sand or 
silt fraction confirmed a differentiation of the two main significant groups based on 
sediment. The first group (combination of group a and group b) with only stations 
having a high percentage of sand (> 98%) was further named the Sand group. This 
group contained only stations in the mouth or closely to the mouth of the estuaries. 
The second group (combination of group c and group d) with higher percentage of 
silt (from 48.33% to 76.12 %, except ECC1-ECC2 which showed only 2.17-17.86% 
silt) was named the Silt group although the sediment of these stations was mainly 
consisting of silty sand. Three stations did not classify with one of the two main 
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groups and were in the further analysis considered as outliers with a strongly 
deviating nematode community structure. These stations are EHL4, EBL2, and 
ECT4.  
Transform: Log(X+1)
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Figure 5. The MDS graph based on average log (x+1) transformed densities data 
with overlying clusters at two similarity levels. 
 
The SIMPER analyzed at the replicate level showed that comparing 
stations is always higher than 50% (except for some pair of stations which show 
only 41 - 49% dissimilarity being ETC2-EBL4, ECT3-EBL4, ECT3– ECC3, ECD4-
ECC4, EHL1-ECH1, ECT3-ETD3, ECD4-ETD3, ETD2-ETD3, ETD2-ETD4, 
ETD3-ETD4). 
Table 1 shows the genera that were responsible for the similarities within 
and dissimilarities between groups based on a SIMPER analysis. This list includes 









Table 1. Nematode genera with average abundance per station from each group 
(ind,/10cm
2
) and percentage most contribution (in brackets) for similarities within 
group and dissimilarities between groups selected by the SIMPER analysis. 
Genera SandA SandB SiltA SiltB 
Oncholaimellus 2.21 249.02(22.3) 0 3.34 
Daptonema 29.86(3.1) 94.27(27.9) 283.9(15.15) 72.3(21.6) 
Halalaimus 3.52 0.13 200.11(12.9) 19.11(3.7) 
Terschellingia 0 0 176.65(13.7) 13.39(4.2) 
Thalassomonhystera 135.17 0.19 159.63(1.5) 5.18(2.5) 
Parodontophora 4.24 1.33 153.53(8.8) 146.79(37.2) 
Onyx 62.16(4.34) 6.3 0 0.05 
Rhynchonema 34.11 21.63(13.7) 1.35 0.19 
Desmodora 582.86(61.1) 42.72(17.8) 49.43(3.7) 3.57 
 
It was shown that the Silt group was differentiated from the Sand group by 
the exclusive presence of the genus Terschellingia, the higher densities of the genera 
Parodontophora and Halalaimus, the absence of Onyx and the much lower densities 
of Rhynchonema. 
The remaining genera selected by SIMPER were characteristic (with higher 
densities)  for one of the subgroups , such as the high densities of Desmodora for the 
group sand A,  Oncholaimellus for the group sand B, and Daptonema for the group 
silt A. The genus Thalassomonhystera showed higher densities in 2 subgroups from 
both main groups, while showing much lower densities in the remaining stations. 
Figure 6 (a, b, c) shows the proportions of the typical genera (as selected by 
SIMPER) in each of the stations. Stations were grouped according to the earlier 
identified main and sub- groups. The three outlying stations were plotted separately, 
but next to the group they were most similar to in terms of sediment characteristics. 
It was illustrated in this way how the sand communities differed from the silty sand 
communities, and how the outliers differed from all stations by the absence of these 
typical genera. However, it was also illustrated how the two stations (ECC1 and 
ECC2) with still relatively high sand fractions (79.76-97.47%) but silt fractions of 
2.17-17.86%, shared typical genera from both sediment groups such as Desmodora 
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from the sand group and Halalaimus from the silt group. They are intermediate both 























































Figure 6. a) Relative abundances of the dominant genera in the  main sand 
group with separation between group A (right) and B (left); b). Relative 
abundances of the dominant genera in the silt group B with right the same 
genera in the outlying station ECT4 with similar sediment composition; c). 
Relative abundances of dominant genera in the silt group A with right the 
same genera in the outlying stations EHL4 and EBL2 with similar sediment 
composition. 
 
None of the dominant genera showed a significant correlation with the 
sediment composition (% silt or sand) but when the densities of the genera 
Desmodora and Parodontophora, were plotted against the % of sand it was shown 
there is a clear break in their distribution at 60% sand since Parodontophora did not 
appear at higher sand fractions, whereas Desmodora only appeared with low 
























































Figure 7. The densities (ind./10cm
2
) of Desmodora and Parodontophora  
plotted versus % sand 
 
3.3. Comparison of 4 community groups in terms of biotic characteristics 
An ANOVA was also applied in order to find out if there are significant 
differences between the four station groups in terms of univariate community 
characteristics such as densities, different measures of diversity, percentage of 
feeding types and the maturity index. The results in table 2 show significant 
differences for genera richness (S or N0), the index Hill two and infinity (N∞), the 
percentage of the feeding types 1B and 2A and the Maturity index (MI). 
 
Table 2.  The results of an ANOVA and post hoc comparison for community 
variables that showed significant difference between groups 
 
Parameters F df P value Posthoc test (Tukey HSD) 
S=N0 14.015 3 0.000 SandA≠SandB, 
SandB≠SiltA, SiltA≠SiltB 
N2 6.953 3 0.000 SiltA≠SandA, SiltA≠SandB 
N∞ 7.505 3 0.010 SiltA≠SandB 
%1B 4.646 3 0.0047 SiltB≠SandA, SiltB≠SiltA 
%2A 21.82 3 0.000 SandA≠SiltA, SandA≠SiltB, 
SandA≠SandB 
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In addition, some other measures describing the structure of the nematode 
communities were found significantly different by means of a non-parametric 
method, Kruskal-Wallis ANOVA by Ranks. They included: densities (N), ES(50), 
Shannon – Wiener biodiversity index (H’), Hill index (N1), maturity index and 
percentage of the two remaining feeding types 1A and 2B. 
 
Table 3. The results of Kruskal-Wallis ANOVA by Ranks (N=84) and multiple 
comparison based on mean ranks  
 
Parameters H coefficient 
P 
value 
Multiple comparison of mean 
rank for all groups 
N 30.68 0.000 SiltA ≠ SandB; SiltA ≠ SiltB 
ES(50) 22.97 0.000 SandB ≠ SiltA; SandB ≠ SiltB  
H’(log2) 24.501 0.000 SiltA ≠ SandA; SiltA ≠ SandB 
N1 24.501 0.000 SiltA ≠ SandA; SiltA ≠ SandB 
MI 17.79 0.000 SiltB ≠ SandA; SiltB ≠ SandB; 
SiltA ≠ SiltB 
%1A 37.85 0.000 SiltA ≠ SandA; SiltA ≠ SandB; 
SiltA ≠ SiltB 
%2B 13.35 0.0039 SiltA ≠ SandB 
 
Figure 8 shows mean values and standard errors of univariate community measures 

































a.  b.  
   
c.  d.  
 
 







SandA SandB SiltA SiltB
MI
 








                                                                 CHAPTER 4 





















SandA SandB SiltA SiltB
%
 


















SandA SandB SiltA SiltB
%
 
k.  l.  
Figure 8. The average values ± standard error of a) genera richness (S), b) densities 
(N(inds./10cm
2
)), c) The Hurlbert's Index - ES(50), d) The Shanon - Wiener 
biodiversity index (H’(log2)), e-g) The Hill indices (N1, N2, N∞), h) The maturity 
index – MI, i) The percentage of feeding type 1A, j) The percentage of feeding type 
1B, k) The percentage of feeding type 2A, l) The percentage of feeding type 2B in 
the 4 community groups  
 
3.4. Univariate measures of the outlier stations  
In addition to the 4 main station groups as identified in figure 4, also 3 
outlying stations were identified: EBL2, ECT4 and EHL4. The community 
composition of these three stations was deviating from the composition of these four 
groups. Figure 5b and 5c illustrates that the dominant genera as identified by 
SIMPER from the remaining stations are lacking or low in abundance in these 
stations. Dominant genera are: Diplolaimella (53.5 %) and Brevitobrilus (15.4%) for 
EBL2, Sphaerotheristus (57%) and Daptonema (19.7%) for ECT4, Dichromadora 
(54%), Daptonema (19.2%) and Syringolaimus (9.4%) for EHL4 
Furthermore station EBL2 showed low densities (306 ± 116 ind./10cm
2
), 





16 ± 2.9, N1=5.1 ± 1.7, N2 = 3.02 ± 0.6, N∞= 1.87 ± 0.76). This station also showed 
the lowest MI index of all 19 stations (MI = 1.6 ± 0.2).  
Similar to EBL2, ECT4 was distinguished by low densities (89 ± 3.89 
ind./10cm
2
), and low diversity (ES(50) = 8.69 ± 1.35; H’(log2) = 2.1±0.3; the Hill 
indices: N0 = 11.7 ± 2.9, N1=4.3 ± 1.7, N2 = 2.7 ± 1.4, N∞ = 1.8 ± 0.7). The maturity 
index was higher than EBL2 but relative low comparing to other stations (MI = 2.57 
± 0.06). 
  The remaining station EHL4 showed higher densities than EBL2 and ECT4 
(1524.2 ± 267.2 ind./10cm
2
). The diversity indices are similar to ECT4. The 
maturity index falls in the range of the majority of Mekong stations (MI = 2.7 ± 0.1).  
 
3.5. Comparison of 4 community groups in terms of abiotic characteristics 
A PCA analysis based on normalized environmental variables showed that 
along axis 1 which explained 50.7 % of the variation, the two main nematode 
community groups (as indicated by the color codes)  were separated except for 
ECC1 and ECC2 which showed an intermediate position. Mainly sediment 
characteristics varied along axis 1. Along axis 2, which explained 16.8 % of the 
variation a gradual transition, was shown from the A to the B subgroups within each 
of the main groups. Mainly dissolved oxygen but also total suspended matter and to 
a lesser extent chlorophyll a varied along this axis. Two of the three outlying 
stations as based on their community composition also showed an outlying position 
in the PCA based on environmental variables since EBL2 and EHL4 are respectively 
located at the two extreme sides along axis 2 (figure 9). 
We further performed a 1-way ANOVA to test for significant differences in 
environmental characteristics between the 4 station groups as identified based on the 
nematode community analysis. In case of absence of homogeneity of variances, the 
data were first log transformed as is the case for total pigment and nitrite - nitrate 
concentrations (table 4). Only dissolved oxygen, sand and silt percentage, the nitrite 
- nitrate concentration and the chlorophyll a showed differences between groups, 
whereas all other environmental factors did not show significant differences. Mean 
values and standard errors for each group  represented in figure 9 and 10 illustrates 
that group sand B show higher values for dissolved oxygen in the overlying water 
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column compared to the silt A group, but higher values of nitrite + nitrate 
concentrations compared to both silt groups. The differences in percentage of sand 
and silt between the two main groups was also confirmed by the ANOVA and 
illustrated in figure 10. Furthermore was the silt A group differentiated from all 
other groups by higher pigment concentrations. 



















































Figure 9. The PCA of environmental variables in all study stations 
 




F df P value Post hoc (Tukey HSD test) 
DO 3.253 3 0.039 SiltA≠SandB 
Silt% 19.79 3 0.000 SiltA≠SandA; SiltA≠SandB;  
SiltB≠SandA SiltB≠SandB 




- (mg/l) 4.54 3 0.0117 SiltB≠SandB 
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Figure 10. The mean ± standard error of a) the dissolved oxygen - DO (mg/l), b) the 




 (mg/l)), c) percentage of sand (%), d) percentage of silt 
(%), e) the total pigment concentration and f) the chlorophyll a concentration for 
each of the stations groups 
 
3.6. The correlation between nematode communities and environmental 
characters 
The correlations between environmental characteristics and variables 
describing the nematode community characteristics are shown in table 5. The 
sediment composition (percentage of silt and sand) has the strongest significant 
correlation with most of the measures for nematode community characteristics such 
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as ES(50), H’(log2), Hill index, MI, and percentage of the feeding types. Also the 
pigment concentrations are significantly correlated with the densities, the measures 







Table 5. The r and p-value of correlation between environmental variables and nematode communities (n = 63)  
Env. variables S N ES(50) H'(log2) N1 N2 N∞ MI* %1A %1B %2A %2B 
DO (mg/l) 
r -.252 -.108 -.257 -.235 -.26 -.203 -.126 -.0472 -.233 .017 .108 .099 
p 0.02 0.33 0.02 0.03 0.02 0.06 0.25 0.653 0.03 0.88 0.33 0.37 
pH 
r .0133 .0442 -.1604 -.1802 -.175 -.23 -.246 .2458 -.223 -.302 .495 .061 
p 0.9 0.69 0.15 0.1 0.11 0.04 0.02 0.018 0.04 0.01 0 0.58 
Coliform 
(MPN/g) 
r -.093 -.336 .0448 .0205 -.011 .003 .014 .0748 -.099 .099 .004 -.031 







r -.035 -.076 -.145 -.238 -.225 -.279 -.288 .3505 -.115 -.29 .022 .484 




r -.108 .052 -.185 -.238 -.196 -.198 -.202 -.1242 -.189 -.031 -.223 .501 
p 0.33 0.64 0.09 0.03 0.07 0.07 0.07 0.235 0.09 0.78 0.04 0 
Chl. a (µg/g) 
r .276 .523 .369 .435 .459 .487 .461 -.249 .097 -.011 .015 -.105 
p 0.01 0 0 0 0 0 0 0.016 0.38 0.92 0.89 0.34 
Total pigment  
concentration (µg/g) 
r .216 .492 .345 .422 .432 .477 .463 -.2398 .178 .007 -.021 -.173 
p 0.05 0 0 0 0 0 0 0.021 0.11 0.95 0.85 0.12 
Silt(%) 
r .201 .386 .349 .358 .327 .311 .252 -.3295 .428 .260 -.47 -.252 
p 0.07 0 0 0 0 0 0.02 0.001 0 0.02 0 0.02 
Sand(%) 
r -.205 -.381 -.35 -.358 -.324 -.305 -.247 .3758 -.431 -.262 .477 .249 
p 0.06 0 0 0 0 0.01 0.02 0 0 0.02 0 0.02 
  
(*) N = 93
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4.1. How different is the Mekong estuarine system in terms of nematode 
communities from other estuaries worldwide? 
Like for total meiofauna densities (chapter 3), the densities of nematode 
communities in the intertidal Mekong system are not similar in all estuaries. In 
general the intertidal Mekong nematode densities are relatively high (up to 3592 
ind/10 cm² on average per station) compared with other study areas worldwide. 
Capstick (1959) found nematode densities from 228 – 2210 ind/10cm
2
 in 3 transects 
of an intertidal mud flat including silty sand stations in the Blyth estuary. Hodda and 
Nicholas (1985) recorded average nematode densities from 6.3 to 1189 ind/10cm
2
 in 
the intertidal estuary of the Hunter River, Australia. Moreover, Nicholas and Stewart 
(1993) found low nematode densities ranging between 100 – 300 ind/10cm
2
 in a 
mangrove mudflat of the Clyde Estuary, Australia. Also in another Australian study 
on the intertidal zone of a tropical mangrove system, Alongi (1987) found rather low 
densities of nematode communities in 5 Australian estuaries from 14-370 ind/10cm
2 
in the Hinchinbrook estuary, from 17-147 ind/10cm
2
 in the Lockart estuary and from 
53-987 ind./10cm
2
 representing the highest nematode densities of the area in 
Morgan/McIvor estuary. The distribution patterns of the nematode communities in 
these 5 estuaries were explained by differences in temperature, sediment 
granulometry and soluble tannins leaches from mangroves trees. 
The Mekong nematode densities were found occasionally higher than the 
values recorded  in the intertidal Scheldt estuary with 483-3076 ind./10cm
2
 and the 
Tagus estuary with 132 -2507 ind./10cm
2
 (Soetaert et al., 1995). However, the 
Mekong nematode densities were lower than those found in the intertidal Ems 
estuary with values ranging from 1846 - 9546 ind./10 cm
2
 as well as in the Gironde 
(171-12575 ind./10cm
2
) and the Somme estuary (5600 – 21730 ind./10cm
2
) 
(Soetaert et al., 1995). The Mekong densities are also in the range of densities 
recorded in the Thames river estuary, United Kingdom (Ferrero et al., 2008) with 
densities from 35 up to 5023 ind./10cm
2
.  
The diversity of the nematode communities in the Mekong estuarine system 
is rather high (H’ varies between 2.07 and 4.19) compared to other studies. Alongi 





Australian estuaries. Diversity of the nematode communities was also lower in the 
Western Scheldt estuary, The Netherlands (Van Damme et al., 1980) with H’ values 
calculated at species level being 2.27-2.24 in the euhaline to polyhaline zones, 3.01 
in the polyhaline to mesohaline zones, and 1.63 in the mesohaline to oligohaline 
zone. The low diversity in the sandy sediments at the mouth of the estuary was 
explained based on a high turbulence and periodical re-working of the sediment 
(Heip et al., 1985). The nematode diversity of the Mekong estuarine system is also 
higher compared to brackish - water studied by Barnes et al. (2008) in the Keyhaven 
– Lymington Lagoon System (United Kingdom). In this study, the authors found a 
diversity H’ at species level of less than 3. The authors indicated that species 
turnover was highest between lagoons with different salinity and/or granulometric 
regimes.  
The diversity recorded in the Mekong is similar to values recorded for H’ at 
genus level in a study of Ngo et al. (2007) in the Khe Nhan mudflat of Dong Tranh 
estuary, in the Can Gio mangrove forest (from 3.6 ± 0.36 to 4.2 ± 0.56). The 
diversity is also in the same range as in other estuaries in the North of Vietnam such 
as  Cua Luc estuary which was studied by Pavlyuk et al. (2008) with values H’ 
ranging from 3.16 – 4.34.  
In this study, the diversity of the nematode communities is not following a 
clear estuarine gradient. This is in contrast to the study of Soetaert et al. (1995) who 
found in 5 European estuaries that diversity both at species and genus level 
increased with increasing salinity. The absence of an increasing trend with salinity is 
due to the fact that in general the sandy mouth stations showed a lower diversity 
than the silty stations deeper inland. Especially the stations from the silt A group 
also characterized by higher chlorophyll a concentrations showed the highest 
diversity. Both densities and diversity indices showed the highest correlation 
coefficients with sedimentary chlorophyll a, with highest densities and highest 
diversity when chlorophyll a was most abundant. Also Steyaert et al. (2003) found a 
positive correlation between nematode diversity and chlorophyll a in an intertidal 
flat in the Westerschelde estuary. However, chlorophyll a was also mentioned to 
have significant negative correlation with the number of nematode genera in South 
Africa (Gyedu-Ababio et al., 1999; Furstenberg et al., 1999).  
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4.2. Are salinity and sediment composition the major structuring factors for the 
present communities, and can we identify specific communities for specific 
habitats?  
The nematode communities of the Mekong system included both marine 
and freshwater nematode species. From all the genera identified, 32.61 % are known 
as fresh water species. Some marine nematodes such as Daptonema, Theristus, 
Terschellingia, Halaimus, Parodontophora can distribute widely along the salinity 
gradient but they are associated with particular sediment features. However, despite 
that some typical freshwater and parasitic nematodes such as Clarkus, Cryptonchus, 
Hemicyclophora, Heterocephalobus, Hirschmanniella, Hofmaenneria, 
Mesodorylaimus, Mononchus, Mylonchulus, Tylencholaimus are mainly found in the 
freshwater and oligohaline stations they even appear occasionally in mesohaline and 
polyhaline stations. The intrusion of freshwater and marine species in the estuarine 
area depends respectively on the daily flow of fresh water and the tidal regime 
(McLusky, 1971). Furthermore except for the three outlying stations (see further), 
none of these fresh water taxa was dominant in any of the other inland stations. 
In total 4 communities were identified based on the dominant genera and 
related to specific environmental conditions mainly granulometry but also 
chlorophyll a concentrations and dissolved oxygen: Desmodora was the dominant 
genus in most of the sand stations, especially in the group identified as sandA. (i) In 
parallel with macrobenthos community analysis where communities are named after 
their characteristic taxa (Van Hoey et al., 2004) we called the sand A group the 
Desmodora communities; (ii) Stations of the group sandB were also dominated by 
Desmodora, although in lower proportions and occasionally in combination with 
Oncholaimellus but also in association with Rhynchonema and Daptonema, although 
in varying proportions. We identified the present communities as the Desmodora - 
Oncholaimellus communities.  Both silty station groups where characterized by the 
presence of Parodonthophora. (iii) Especially in the silt B group this genus was 
dominant. Therefore we identified them as the Parodontophora communities (iv) 
SiltA was not dominated by a single genus but Daptonema, Terschellingia, 





were all abundant in these stations. Since 4 of these genera belonged to the 
Monhysterida we identified them as the Parodonthophora - Monhysterida 
communities.   
(i) The Desmodora communities (SandA):  
The Desmodora communities were found in 3 stations at the mouth of 3 
different estuaries: ECD1, EDA1 and EBL1. The stations from this group do not 
differ significantly in environmental characteristics from the other so called sand 
group (sandB). Both groups only differ from the silt groups based on % sand and 
silt. Both sand groups also show a significantly lower genera diversity compared to 
silt A. However, the most striking characteristic of this group is its significantly 
higher percentage (average of 50%) of epistratum feeders compared to all other 
groups, thanks to the dominance of Desmodora. These communities also show a 
slight but significant higher number of genera than the remaining sandy stations.  
Desmodora was also found high in relative abundance (5.1%) in the Claude 
estuary, Australia where the sediment also consisted of a high percentage of sand 
(Alongi, 1987). Also Nicholas & Stewart (1993) found Desmodora (cazca) as the 
most common epistrate feeders and this species was always dominant at the 
Waterfall creek, Clyde estuary where sediment with muddy sand was present. 
However in the same study Desmodora became less common in the Candlagan 
Creek where sediment formed a soft, tenacious, silty clay sediment (median grain 
size of 0.03mm). Riemann (1966) described the nematode communities along the 
Elbe in Germany and found that the polyhaline region of the Elbe is distinguished 
from the mesohaline zone by the presence of Desmodoridae. They also mentioned 
that with progressive increase in grain size (and decrease in silt – clay content), the 
number of Desmodoridae and other families increased in the marine shallow subtidal 
area. In Liverpool Bay (Ward, 1973), the sandy substrata were also characterized by 
Desmodora.  
(ii) The Oncholaimellus- Desmodora communities (SandB): 
These communities were represented in 4 sandy polyhaline stations ECT1, 
EHL1, ECH1 and ECH2. These communities had higher DO concentrations in the 
overlying water and higher nitrite – nitrate concentrations in the sediment, however 
concentrations for these factors did not show significant differences with the sand A 
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group only with the silt A or silt B group respectively. The present stations showed 
the lowest density and diversity estimates of all groups, although only significant 
differences were found consistently with the group silt A which showed the highest 
densities and diversity of all groups. Despite its low diversity and density this 
community showed the highest average maturity index, significantly higher than in 
both silt groups. Due to the dominance of Oncholaimellus the predators were also 
the dominant feeding group in these stations, although only significantly higher than 
in the silt A group.  Like Desmodora, Oncholaimellus was also found dominating in 
sandy sediment in a study by Kapusta et al. (2006b).  
We can point out that epistrate feeders and predators:omnivores adapted 
well to the sandy sediment. Meanwhile percentage of sand in the sediment could be 
on obstacle for nematodes feeding on detritus such as the deposit feeders.  
(iii) The Parodontophora communities (SiltB): 
The Parodontophora communities are typical for the silty sand stations 
which are characterized by lower chlorophyll a concentrations. They also cover a 
wide salinity range. These communities showed significant lower densities than the 
other silt group, whereas diversity indices were similar. In these communities, the 
non selective deposit feeders were most abundant, significantly higher than in Silt A 
and Sand A, despite the dominance of Parodontophora which is identified as a 2A  
(iv). The Parodonthophora -monhysterid communities (SiltA)  
The monhysterid communities with as main genera Daptonema, 
Terschellingia, Thalassomonhystera, Halalaimus was found in the largest group of 
the studied stations (EDA2, ECD3, ECD2, ETD1, ECC1, ECC2, ECC3, ECC4, 
ECD4, ETD2, ETD3, ETD4, ECT2, ECT3, EBL4). These stations covered a salinity 
range from oligo- to polyhaline and had a significant higher silt fraction compared to 
the sand groups but it also showed significantly higher chlorophyll a concentration 
and total pigment concentration compared to all other groups. The non selective 
deposit feeders were significant higher in proportions compared to all other groups 
whereas densities and diversity indices were also higher compared to most groups.  
Each of those genera Daptonema, Terschellingia, Thalassomonhystera, 
Halalaimus were mentioned before as dominant genera in muddy estuaries 





et al., 2007; Yodnarasri et al., 2006; Kapusta et al., 2006b; Hua et al., 2006; 
Montagna et al., 2002; Essink & Keidel, 1998; Alongi, 1987; Hodda and Nicholas, 
1985; Jensen, 1984; Dye, 1983; Warwick and Price, 1979; Capstick, 1959). They are 
typical with high densities for silty, organically enriched sediments, like observed in 
this study. The communities cover a wide salinity range and in that respect are not 
strongly influenced by salinity. 
(v) Three outlying stations: EBL2, ECH4 and ECT4 
Three stations EBL2, ECT4 and EHL4 were despite there silty sediments 
identified as outliers based on the nematode community composition since they 
differed in composition from the majority of silty sand stations. Two of these 
stations ECT4 and EHL4 are situated in or very near to the fresh water range of the 
estuaries.  
Station EBL2 in the Ba Lai estuary however is situated seaward from an 
irrigation dam in the mesohaline range of the estuary. The EBL2 station has a 
deviating nematode community by its low densities, low diversity and low maturity 
index. It is further characterized by the absence of the typical dominant genera for 
silty sediments such as Parodontophora, Halalaimus, Thalassomonhystera and 
Terschellingia. The station is however dominanted by Diplolaimella (53.5%) 
followed by the fresh water species Brevitobrilus (15.4%). According to Pastor de 
Ward and Russo (2009), Diplolaimella is a euryhaline genus inhabiting lotic 
freshwater, salty inland waters, groundwater and coastal ecosystems. Brevitobrilus 
however usually lives in freshwater bodies such as wetlands, rivers, streams. 
According to Zullini (2006), Brevitobrilus is also found in all continents in various 
freshwater habitats. Brevitobrilus contains a relatively small number of species 
inhabiting various freshwater and slightly brackish habitats. Some of them were 
reported to feed on diatoms (Tsalolikhin, 2001 and Zullini, 2006).  
The monhysterids originally had cp=1 because they are generally 
considered r-strategists. Later, when the distinction was made between enrichment 
opportunists (which may form dauerlarvae) and general opportunists monhysterids 
were shifted to cp–group 2 (Bongers et al., 1995).  
According to Bongers et al. (1991), the MI decreases as a result of 
organical enrichment but also as a result of pollution induced stress. Members of the 
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Family Monhysteridae are extremely tolerant to pollution and other harsh conditions 
but they also survive under food poor conditions. They are generally considered r-
strategists so all members of this family have been allocated cp – 1. Later, when the 
distinction was made between enrichment opportunists (which may form 
dauerlarvae) and general opportunists (Bongers et al., (1995) and Bongers (1999)), 
monhysterids were shifted to cp–group 2. In the case of dominance of the 
monhysterid genus Diplolaimella in EBL2 this results in a very low MI index. The 
station was characterized by high ammonium concentrations in all layers of the 
sediment profile and high values for total pigments concentration. High ammonium 
concentrations point out that much nitrogen rich organic matter accumulates in the 
sediment. It is either buried permanently or undergoes decomposition resulting in 
the release of ammonium in the case of oxygen depletion (Niels et al. 2004). Like 
other members of the family Monhysteridae, Diplolaimella has a short generation 
time and it feeds on deposit substrates such as bacteria, algae, etc. Especially, 
Diplolaimella sp. was considered as a bacterial feeder being pioneer colonizers of 
mangrove leaf litter (Zhou, 2001). When sediments contain a high amount of 
organic matter associated with  a strong bacterial production it seems to provide a 
rich food source for particular nematodes feeding on them such as  Diplolaimella 
which in that sense can be considered as an indicator for organic enrichment and 
possibly stress, when it appears in high numbers. 
It is possible that the deviating composition of this nematode community, 
the dominance of a rapid colonizing genus, the absence of typical genera for silty 
sediments, as well as the high ammonium concentrations point to a major 
disturbance event. This area was recently impacted by the construction of a dam. If 
this dam is responsible for the deviating community in station EBL2, or if the 
outlying community is only due to a very local impact not associated with the dam 
needs further exploration.  
The other two outlying stations, EHL4 in the Ham Luong estuary and 
ECT4 in the Cua Tieu estuary are located close to freshwater in the most oligohaline 
regions of the two estuaries. In station EHL4, the environmental variables show a 
low oxygen demand, very high coliform counts, and also high ammonium 





values for densities and the MI. The epistratum feeding group dominates with more 
than 50 % in these communities. Despite the high percentage of silt some typical 
nematode genera of silty sediment were absent such as Parodontophora and 
Thalassomonhystera, whereas other genera had very low densities such as 
Terschellingia and Halalaimus. Those typical silty genera were replaced by genera 
such as Daptonema, Dichromadora, Syringolaimus and even a few specimens of 
Desmodora. It seems that this station although it was situated far inland was not 
deviating based on the dominance of fresh water species since  typical marine 
nematode genera were dominant  and a smaller percentage of freshwater nematodes 
was present (10/25 or 40%). The densities, the dominant genera and composition of 
nematode communities’ were therefore also possibly influenced by its particular 
environmental conditions such as high ammonium and high coliform concentrations.  
The PCA showed that the station ECT4 did not deviate in terms of 
environmental variables measured. However, the present nematode communities 
were characterized by very low densities, low diversity and rather low MI. The 
dominant genera belong to Sphaerotheristus and Daptonema which were not typical 
for the other silty stations and only a few of Parodontophora, Theristus, Halalaimus 
specimens were present The characteristics of this nematode assemblage indicate 
that this station is almost freshwater due to the high  percentage of freshwater 
nematodes as well as marine nematodes which are adapted  to freshwater (77%).  
Grain size of the sediment is a primary factor affecting the abundance and 
composition of meiobenthic organisms (Smol et al., 1994). It seems to fit well to the 
case of nematode communities in the Mekong estuarine system where sediment 
features almost completely explained the nematode distribution pattern. In this study 
the percentage of sand in the sediment generally reduces from the mouth toward 
inland except in the Tran De estuary (ETD) where mangrove forest is covering the 
mouth. The Co Chien estuary (ECC) is also characterized by mangroves around the 
first sampling stations but the sediment consisted still of a high percentage of sand. 
That is why, in the MDS, these stations were not classified with the other mouth 
stations. Deforestation of these mangroves will therefore change the sediment 
composition of these areas and likely also the associated benthos community 
structure as suggested by our analysis.  
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The multivariate analysis indicates that there is a strong link of nematode 
communities with sediment features and even a small amount of silt can cause a 
major change in the dominant genera. It is clear that the percentage of sand in the 
sediment of the marine stations led to nematode communities dominated by 
Oncholaimellus, Onyx, Desmodora and Rhynchonema. On the contrary, Daptonema, 
Halalaimus, Terschellingia, Thalassomonhystera and Parodontophora dominate in 
stations with a high silt fraction. Several authors applied the principle of iso-
communities to meiofauna en in particular nematodes (e.g. Por, 1964; Geskiere et 
al., 2005). It seems likely that the identified communities here can also be 
considered as iso-communities since the dominant genera Parodonthophora and 
Desmodora, together with their associated subdominant genera, are described before 
from similar habitats, but it needs more standardized evidence form different parts of 
the world to confirm the idea. 
Especially, the opposite distribution pattern of 2 dominant genera for both 
types of sediment respectively: Desmodora and Parodontophora is remarkable. 
Although both genera are dominant for particular sediment compositions, they also 
appear in other sediment types although in much lower numbers. When Desmodora 
increases, Parodontophora decreases and vice versa but they do not necessarily 
disappear each time in so called unfavorable conditions.  It leads to the question if 
there is interaction between specimens from both genera. 
It is also interesting to note that the four community groups differed in 
terms of trophic structure since the deposit feeders (1A and/or 1B) were dominant in 
both silt groups whereas the 2A or 2B group dominated both sand groups 
respectively. It illustrates that sediment mainly drives the functional structure of 
nematode communities, but other factors also come in since within the silt and sand 
groups there is further differentiating in the trophic structure of both subgroups too. 
When the percentage of silt in the sediment increases, the percentage of deposit 
feeders feeding on small detritus particles but also on the bacteria and small diatom 
tend to increase significantly. However the two silt groups differ further in the sense 
that higher chlorophyll a concentrations result in the increase of non-selective 





trophic structures of the different sand stations not explained by the sediment 
composition. 
Danovaro et al. (2008) and Guo et al. (2001) revealed that nematode 
diversity is mainly influenced by the grain size composition and the distribution of 
food sources (i.e. phaeopigments). This is in accordance with the case of the 
Mekong estuaries, since diversity showed a significant correlation with % silt and 
sand but also with pigment concentrations. Figure 10 shows a plot of the Shannon – 
wiener diversity versus % of sand. It illustrates the lower diversity in the sand 
stations compared to the majority of silt stations. However the three outlying silt 
stations as identified in the MDS showed among the lowest diversity measures 
compared to the other silt stations. The station with the highest diversity is station 
ECC1. It shows a high sand fraction but it was not classified with the sand stations. 
It actually shows representatives from both the sand and silt communities 















Figure 10. The correlation between the percentage of sand and diversity index – H’. 
The blue boxes encircles the majority of stations from the silt and sand group 
respectively. The red dashed box encircles the stations with lowest diversity within 
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4.3. How important is Chlorophyll a for the nematode communities? 
Beside the sediment features, chlorophyll a is an important factor too to 
control the nematode communities in this area. It is clear that chlorophyll a 
concentrations are higher in several stations with a high percentage of silt in the 
sediment. Generally, those stations with higher chlorophyll a concentrations not 
only have higher densities than other silty stations but also have a different 
composition of dominant genera most of them belonging to the selective deposit 
feeders such as Halalaimus, Terschellingia and non selective deposit feeder as 
Thalassomonhystera. The only dominant epistrate feeder and indicator species for 
silty sediments, Parodontophora does no change in densities in relation to 
chlorophyll a. Its densities are more or less similar in all silty sand stations. 
The relationship between the silt percentage and the total pigment 
concentrations demonstrate that when silt increases in the sediment, the pigments 
increase too. The pigments in the sediment comes from diatom, algae, death plant, 
small soft articles, etc. that provides food for nematodes that feed on them. The 
higher chlorophyll a concentrations in the silt A group are associated with the 
highest densities, higher diversity and dominance of non selective deposit feeders. 
However these stations showed no increased Maturity index compared to the other 
silt stations with lower chlorophyll a. In the pure sand stations some changes in 
community composition appear between stations with small differences (although 
not significantly different between the two sand groups) in the dissolved oxygen 
concentrations of the overlying water. Oncholaimellus is dominant in the more 
oxygenated surface waters, whereas Desmodora followed by Thalassomonhystera, 
Onyx dominate the sands with less oxygenated surface waters.  
 
4.4. Why salinity is less important to nematode communities in the Mekong 
estuaries? 
In general in benthic estuarine studies, most authors focus on the impact of 
salinity (Capstick, 1959; Heip et al.,1985; Soetaert et al.,1995; Adão et al., 2009; 
Ferrero et al.,2008; Pavlyuk et al., 2008; Mani et al., 2008; Kapusta et al., 2006a,b; 
Hua Er et al., 2006; Montagna et al., 2002; Smol et al., 1994; Nicholas and Stewart, 





the Mekong estuarine system seems less important than other environmental factors. 
This may be related to the high semi – diurnal tidal regime that deeply influences the 
flat delta. The flat topography makes marine waters flowing in a multi-channel 
estuary where the tide is damped due to a relatively strong river discharge (Nguyen 
et al., 2006). Foster (1998) mentioned that intertidal habitats can be subjected to 
major changes in interstitial salinity over short time periods. The effect of the 
varying periods of cyclical immersion and emersion on the osmotic pressure of the 
interstitial fluids can vary. 
The diversity of the nematode communities does not follow the salinity 
gradient. The gradient has little to no effect along the oligo to polyhaline ranges of 
the 8 estuaries, except for two fresh water stations that differed significantly in 
composition. Warwick and Gee (1984) studied the Tamar estuary and showed also 
here that species abundance and biomass patterns and diversity of nematodes did not 
follow the expected trends in relation to salinity.  
In the nematode communities of 8 Mekong estuaries, the number of 
freshwater nematodes and marine nematodes that are adapted to freshwater 
amounted to 75 genera (about 32.6% of total). According to Heip et al. (1985) 
freshwater species penetrate into brackish water to a maximum salinity of 10 while 
marine species can invade in relatively high densities, the oligohaline area to a 
salinity of 0.5. In that respect the presence of fresh water species in station EBL2 is 
rather unexpected. 
Heip et al. (1985) also mentioned that the interstitial salinity is rather 
constant and nematodes can burrow down, whereas in areas where salinity changes 
are irregular and unpredictable the only possible adaptation is a broad physiological 
tolerance in the estuaries with semidiurnal tides.  
 
4.5. Can we apply nematode as a tool for environmental monitoring in this area? 
Vincx and Heip (1987) noted that nematodes are abundant in almost all 
habitats making them suitable for ecological and statistical analysis. In addition, they 
are sensitive biological indicators of pollution, very diverse taxonomically and occur 
everywhere. According to Yeates (2004), nematode specific diversity and their 
numerical abundance make them among the favoured organisms as indicators for 
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assessing the environmental impact of natural and anthropogenic changes. However 
their complex interactions with other environmental characteristics in addition to 
stress makes it complicated to identify straight forward correlations with 
disturbance. 
In the case of the Mekong estuarine system, it is clear that sediment 
composition provides a strong link and mainly explains the differences in nematode 
communities along the 8 Mekong estuaries. The presence of small amounts of sand 
or silt can cause changes in dominant genera, composition and densities of nematode 
communities. However the tight correlation between sediment composition and 
fresh food availability (chlorophyll a) on one hand and the nematode community 
composition on the other suggest that nematodes are a useful indicator of 
environmental conditions in the Mekong estuaries. 
By the identification of ‘typical’ communities associated with particular 
habitats, we can monitor the ecological response to anthropogenic disturbance such 
as in station EBL2 where Diplolaimella became dominant and densities, diversities 
and the MI decreased compared to stations with similar conditions for sediment and 
food. It is also clear that clearing mangroves changes both the sediment composition 
and the food supply resulting in different nematode communities. 
 In addition, our studies found that using dominant genera seems not enough 
to conclude about a disturbance effect. Different aspects of the nematode 
communities such as diversity and maturity index need to be analyzed to find out 
how nematodes respond to the environmental situation.  
Even though that, there are still many unsolved questions on the ecology of 
free-living nematodes from estuaries and their use as indicators of disturbance. 
Millward and Grant (1995) investigated nematode assemblages at ten estuarine sites 
that ranged from uncontaminated to grossly contaminated by heavy metals. The 
relative tolerance of these assemblages to Cu was quantified using acute toxicity 
tests. There were large differences between sites in tolerance to Cu, and this 
tolerance was strongly correlated with the severity of contamination. Moreover, 
Gyedu – Ababio et al. (1999) reported that Mn, Ti, Fe, Cr and Sn (associated with 
higher organic carbon contents) played a very important role in structuring the 





same study, the authors reported that Axonolaimus, Sabatieria, Monhystera and 
Theristus were identified as indicators of stress conditions. They concluded that 
nematodes, for their sensitivity and fast response to the heavy metal pollution, can 
easily be used in pollution monitoring in marine and estuarine environments. 
Moreover, Moreno et al. (2011) noted that the analysis of the nematode assemblage 
at genus level revealed the best correspondence between environmental status and 
biological response.  
Recently, Patricio et al. (2012) and Alves et al. (2013) applied nematodes in 
ecological quality assessment in the Mondego estuary (Portugal) to see to what 
extent nematode reflect the impact of anthropogenic pressures (e.g. high local 
population density, presence of harbors and dredging activities) but also referringto 
the natural variability along the estuarine gradient (e.g. sediment type and dynamics, 
oxygen availability, temperature and flow speed). However, the authors emphasized 
the need for the development of a nematode-based multimetric index (Patrício et al., 
2012), taking into consideration density, composition, and genera sensitivity/ 
tolerance to stress, as proposed by Moreno et al. (2011). These authors were also 
concerned about the need for re-evaluation of the boundaries of the indices used, as 
an index can provide a good characterization of the system but may be limited to a 
specific spatial area. 
Therefore, we see from the our analyzed results that nematode communities 
can indicate the environmental conditions in the 8 Mekong estuaries since they show 
clearly where changes has taken place. Environmental monitoring programs can be 
set up based on nematode communities together with abiotic factors relevant for the 
estuarine system.  
 
5. Conclusion 
The nematode communities in the Mekong estuarine system are 
characterized by high densities and diversity. The distribution of nematode 
communities in this area was influenced strongly by sediment features. In addition, 
the sediment chlorophyll a and dissolved oxygen were also considered as important 
factors for the nematode communities’ distributions. Among the environmental 
variables that have a relationship with nematode communities in estuarine area, 
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salinity seems less important and did not show a clear pattern for nematodes. The 
characteristics of nematode communities and their links with environmental factors 
can be considered as a good tool for environmental monitoring. 
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CHAPTER 5. HOW VARIABLE ARE NEMATODE 

























The temporal variation of nematode communities in 8 mouth stations of the 
Mekong River system was investigated in order to compare the change between the 
dry and the wet season. The nematode communities were characterized in terms of 
densities, diversities, maturity index, trophic structure and age structures. The results 
showed that there were no particular temporal trends in biotic parameters measured 
except for the Shannon – Wiener diversity index which shows significantly weakly 
differences between seasons. Our results showed that the spatial differences are 
larger than the temporal variation. Sediment composition remained the most 
important factor explaining the community patterns. However the genus 
Oncholaimellus showed a high temporal variation in abundances in three of the 
sandy mouth stations. It is unlikely if this variation is explained by seasonal 
processes, since the increase in abundance of this genus is not associated with one 
season only.   
 
Key words: nematode communities, seasonal scale, Mekong estuary 
1. Introduction:  
Different from many other countries, Vietnam consists of two geographical 
parts with different climate conditions. While the north part of the country falls in 
the temperate climate zone, the Southern part has a tropical climate with only 2 
seasons: a wet season and a dry season. The wet season starts from May to 
November and the dry season begins in December and runs until April. Even though 
the temperature does not fluctuate much over the whole year in the South, the 
climate still differs between both seasons, especially due to the precipitation. Figure 
1 demonstrates the variation over 11 years of the average rainfall in the Ben Tre 
Province which covers the five northern estuaries of the Mekong estuary. Average 
values of precipitation in March (dry season) are about 5 mmHg while in September 
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Figure 1. The annual precipitation from 2000 to 2010 (average ± standard deviation) 
in the Ben Tre province where the Mekong estuarine system is located (Database 
from the Ben Tre Statistical Yearly Book, 2011) 
 
In combination with the tidal regime, the precipitation influences the 
salinity level of the estuaries since large amounts of freshwater from the upstream 
area flow to the sea, especially in the rainy season. Moreover, in the dry season, the 
magnitude of the fresh discharge is small compared to the tidal flow. The 
determination of the fresh water discharge in estuaries is however complicated. It is 
especially difficult to determine the discharge in a complex system such as the 
Mekong Delta, which consists of eight branches over which the fresh water 
discharge is distributed (Nguyen et al., 2007). 
Due to complicated natural conditions in the Mekong estuaries related to 
seasonal fluctuations, it is important to get an idea on the temporal variability of the 
nematode communities structure between both seasons. In the past, the influence of 
seasonality on estuarine nematode was studied at different places over the world. 
Tietjen (1969) studied two shallow estuaries in New England and found that 
temperature and food are the most obvious factors explaining nematode density 
changes. Heip (1985) noted that the seasonal cycle of nematodes can be very 
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different from site to site according to different local environmental conditions and 
depending on the species composition. In 1986, Hodda and Nicholas investigated 
the temporal changes in littoral nematodes from the Hunter estuary reporting that 
there were large fluctuations in the total numbers of nematodes at the various sites 
throughout the year, but a consistent pattern applicable to all sites was lacking. A 
few nematodes, mostly epistrate feeders, each showed consistent changes in density 
at all sites over the year, but most nematodes including other epistratum feeders did 
not. The density of most species changed during the year, but these changes could 
not be consistently related to the seasons, and it was suggested that non-seasonal 
environmental changes are of greater significance. Alongi (1987) found in 5 
Australian estuaries that the densities were not significantly different among 
estuaries, but differed seasonally (summer greater than winter). In addition, another 
study of Hodda & Nicholas (1990) on the production of meiofauna in an Australia 
estuary over four seasons showed that the proportion of adult males and juveniles in 
the population and their mean size changed from season to season. Li and Vincx 
(1993) studied two fine sandy intertidal stations in the polyhaline and mesohaline 
zone of the Westerschelde estuary from 1983-1989. In this study, the authors found 
neither a difference between spring and autumn nor a significant trend over 7 years 
but they mentioned that the instability in the estuarine habitats are mainly caused by 
upstream effects (mainly related to fresh water input) by the River Schelde that 
clearly influenced the stability of the nematode communities.  So the overall 
conclusion of these studies is that nematode communities do differ between seasons 
but there is no consistent pattern observed. Therefore it is important to identify what 
the seasonal variability is in the Mekong estuaries in order to identify their temporal 
stability in relation to their spatial variability. 
Anyhow, almost all studies on seasonality in estuarine nematodes were 
done in temperate regions characterized by time series over 4 obvious seasons: 
spring, summer, autumn and winter (Warwick and Price, 1979; Eskin and Coul, 
1987; Rzeznik-Orignac et al., 2003; Yodnarasri et al., 2006). Furthermore, Li and 
Vincx (1993) noted that most time series studies on nematodes have a low temporal 
resolution. Some studies provide a general description of seasonality in tropical 





Dittmann, 1999; Ansari et al., 2001; Chindah and Braide, 2001; Kapusta et al., 
2006a; Albuquerque et al., 2007) but although  many studies were done on  estuarine 
nematodes from (sub) tropical estuaries (Alongi, 1989; Olafsson et al., 2000; Fisher, 
2003; Kapusta et al., 2005, 2006a; Chen et al., 2007; Pavlyuk et al., 2008; Hourston 
et al., 2009) no study was comparing between dry and rainy seasons except the study 
by Nozais et al. (2005) and Boufahja et al. (2007)  with very little seasonal 
information on nematodes. There are also 2 unpublished PhD dissertations of Lai 
(2007) and Nguyen (2009) investigate the nematode communities with some 
description of the seasonal variation in the Can Gio mangrove forests, South 
Vietnam.  
Hence, in order to understand the ecology of estuarine nematodes from the 
Mekong and especially to use them in monitoring studies it is crucial to know how 
much the structure of nematode communities varies between 2 tropical seasons. The 
main aim of this study is therefore to identify and understand the difference in 
general structure of the present nematode communities between the wet season and 
the dry season in the Mekong estuary. We selected one station from the mouth of 
each estuary representing a north south gradient and sampled them respectively in 
the dry and wet season of two consecutive years. 
 
2. Methodology: 
2.1. Study area, sampling coordinates and map: 
Nematode samples were collected at the mouth of 8 estuaries (Cua Tieu, 
Cua Dai, Ba Lai, Ham Luong, Co Chien, Cung Hau, Đinh An and Tran De) in the 
wet season (September 2008) and dry season (March 2009)(figure 2). 
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Figure 2. The sampling location at the mouths of 8 Mekong estuaries in the wet and 
dry seasons  
 
2.2. Abiotic samples and data collection 
Some environmental water parameters such as temperature, dissolved 
oxygen and pH were measured at each station in both seasons. The samples for grain 
size analysis were collected and analyzed for the dry season only (see more in 






2.3. Nematode samples in collection and processes 
The nematode samples were collected using cores of 3.6 cm diameter (10 
cm
2
 surface area) and 10 cm high. The cores were pushed down into the sediment up 
to 10 cm deep. Per station and sampling event, 3 replicates were taken and collected 
in plastic bottles. The samples were fixed in 60
o
 C hot of 7 % formalin solution and 
gently stirred. Samples were decanted and extracted at the laboratory of Marine 
Biology Section, Ghent University and the Department of Environmental 
Management and Technology, Institute of Tropical Biology, Vietnam. Samples were 
sieved and collected through 1000 μm to a 38 μm mesh and extracted by the 
flotation technique using Ludox-TM50 (specific gravity of 1.18) following Vincx 
(1996).  
To facilitate sorting the nematodes, the samples were stained with 1% 
solution of Rose Bengal. Nematodes were identified by using a high magnification 
microscope Leica (Type III) and Olympus BX41 using different documents such as 
Wieser (1956, 1959); Platt and Warwick (1983); Platt and Warwick (1988); 
Warwick et al. (1998); Lorenzen (1994) and the NEMYS database of the Marine 
Biology Section, Ghent University, Belgium (Deprez et al., 2005. 
 
2.4. Data analyses 
Nematode data were analyzed by using Microsoft Excel, software PRIMER 
v.6 and STATISTICA 7.0. Diversity of nematode communities was measured using 
the Shannon-Wiener diversity - H’(log2) (Shannon and Weaver, 1949) which is 
calculated from the proportional abundances pi of each species (abundance of the 
species (Ni) per total abundances (Nt)): H’= -Σ (pi*log (pi)) (in which pi = Ni/Nt = 
relative abundance of the ith species or genus. The Maturity index – MI (Bongers, 
1990) was also used. The formula for calculating the Maturity Index is MI = (Ʃ 
vifi)/n where vi is the c–p value for the nematode family i, fi is the frequency of 
nematode family i, and n is the total number of individual nematodes in the sample. 
To detect significant differences between seasons, a two way - ANOVA 
analysis was applied after checking the homogeneity of variances with the Levene's 
test (p>0.05). Data were transformed with log(x+1) prior to analysis when 
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assumptions were not fulfilled. Then, posthoc test (Tukey HSD) was applied for 
comparison in order to find significant differences between dry and wet season at 
each station.  
To detect the significant differences between dry season and wet season in 
the case that 2 way ANOVA analysis could not be applied, (in case of MI, trophic 
structure and age structure) differences were tested between dry and wet season by 
applying the 2 way - PERMANOVA technique with factors season and estuary. The 
Euclidean distance was used as a resemblance measure. The main test was done to 
check the significant level of the interaction effect before pairwise test to explore 
which station exhibited significant differences between 2 seasons. The 
PERMANOVA+ is an add-on package to the PRIMER v.6 software programme.  
To perform multivariate techniques, all data was transformed with log(x+1) 
and resemblance based on the Bray – Curtis similarity index. The SIMPROF 
technique (SIMilarity PROfile) was used to test for structure in data to organize the 
significant groups. When the significant groups were organized by SIMPROF, the 
MDS analysis (Non-metric Multi Dimensional Scaling analysis) was used to 
produce 2D graphs in order to visualize the pattern. Two way ANOSIM (ANalysis 
Of SIMilarity) was used to test the significant similarity in nematode assemblage 
composition between groups of samples. The SIMPER analysis (SIMilarity 
PERcentages) was applied for identifying the taxa that are responsible for 
similarities and dissimilarities between seasons in each station. It examines the 
contribution of each taxon to the average Bray-Curtis dissimilarity between groups 
of samples. It also determines the contribution to similarity within a group (Clarke 
and Warwick, 2001).  
 
3. Results: 
3.1. Environmental variables in water column 
Because of the tropical climate, the temperature did not change much 
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to 9 mg/l. The pH changed slightly between the 2 seasons since they varied from 
6.83 to 7.8 in the wet season and from 7.4 to 8.62 in the dry season.   
 
3.2. The grain size of the sediment 
The percentage of sediment grain size at the 8 mouth estuarine stations in 
the dry season was expressed in figure 3. Almost all stations were consisting of 100 

















Figure 3. The percentage of sediment size classes at 8 mouth estuarine stations 
 
3.3. The densities of nematode communities in both  seasons 
The densities of the nematode communities in the dry season ranged from 
an average of 207 to 3111 ind./10cm
2
, while in the wet season they ranged from an 
average of 454 to 3137 ind./10cm
2
. The highest densities were found in station 
ETD1, for both seasons. ECT1 showed the lowest densities in the dry season but in 
the wet season, ECH1 had the lowest densities of all stations. 
  The densities of the nematode communities did not show a similar seasonal 
trend at all stations. In some stations, the densities of nematode are higher in the dry 
season compared to the wet season such as stations ECT1, ECD1, EBL1 and ETD1 
while an opposite pattern is present in the remaining stations. In addition, the two 
way ANOVA analyses confirmed that there were no significant difference between 
the dry season and wet season (F(1, 32) = 0.1228, p = 0.728), whereas stations differed 
significantly (F(7, 32)  = 33.19, p < 0.0001) and also the interaction effect was 
significant (F(7, 32) = 3.51, p = 0.0066). The Tukey HSD test confirmed that not any 
of the pairwise comparison of seasons within the same station were different, 
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whereas several stations especially ETD1 and EBL1 differed from the majority of 




















Figure 4. The average ± standard deviation of nematode densities (ind./10cm
2
) in 2 
seasons at the 8 mouth estuaries (W: wet season, D: dry season). 
 
3.4. The diversity of nematode communities in both seasons  
A total of 173 nematode genera were found at the mouth of the 8 estuaries 
covering both seasons, in which the dry season showed 137 genera and the wet 
season 134 genera. The Shanon - Wiener index at genus level showed values in the 
dry season that ranged from 2.445 to 4.18, while in the wet season they ranged 
between 1.829 and 4.00. Some stations like ECT1, ECD1, EHL1 and ECH1 have 
rather a large variation between 2 seasons, while the seasonal difference in these 
stations was not consistent since diversity increased or decreased depending on the 
station from one season to the other. According to the two way ANOVA analysis 
there is significant (although weak) difference between seasons (F(1, 32) = 4.356, p = 
0.0449), while also stations differed significantly (F(7, 32) = 9.419, p < 0.0001) . 
There is also a significant interaction effect (F(7, 32) = 8.309, p < 0.0001). Tukey HSD 
test for interaction effect showed that only 3 stations were significant different 
















Figure 5. The average ± standard deviation of nematode diversity (Shannon-Wiener 
index) in dry season (D) and wet season (W)  
 
 
3.5. The MI of nematode communities at 8 Mekong estuaries in both seasons 
The Maturity index (MI) showed averaged values in the wet season ranging 
from 2.4 to 2.97 and from 2.3 to 3.2 in the dry season. There were some stations that 
showed a high fluctuation between the 2 seasons such as ECD1, ECH1, EHL1 and 
EDA1, and again the direction of fluctuation was not consistent in the same 
direction for all stations.  
The PERMANOVA results showed there was a significant difference 
between stations (p= 0.0001) but there was no significant difference between 
seasons (p > 0.05). The interaction effect showed significant differences (p = 
0.0001). The pair-wise test indicated that seasonal variation only occurred at station 
ECD1 (p = 0.0068) and EHL1 (p = 0.015).   
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Figure 6. The average ± standard deviation of the Maturity Index of nematode 
communities following seasonal scale at 8 Mekong estuaries. 
 
3.6. The trophic structure of nematode communities in both seasons: 
The structure of feeding types at each station did not show much difference 
between both seasons. The feeding type 2B showed the highest fluctuation at EHL1 
and ECH1, where each time the group 2 B increased in the dry season. EDA1 
showed an opposite trend for the same feeding type. 
The 2 - way PERMANOVA test was also applied to test for significant 
differences between seasons and stations for the relative abundance of the 4 feeding 
types (table 1). The results showed that for all feeding types the interaction was 














Table 1. The results of the 2 - way PERMANOVA test for percentage of 
feeding types between dry season and wet season at each station by factor: season, 
estuary, interaction between seasons and estuaries 
Feeding 
type 
factor p- value 
Seasonal change in stations 
 (pairwise test) 
%1A Season 
0.0013 
ECD1 (p = 0.036), EHL1 (p = 0.0349), ECC1 (p = 0.003) 
Estuary 
0.0001 
Interaction  0.0023 
%1B Season 
0.0588 
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Figure 7. The percentage of feeding types 1A, 1B, 2A, 2B in the dry season (D) and 
wet season (W) at 8 Mekong estuaries. 
 
3.7. Age structure of nematode communities in the 8 Mekong estuaries 
In general, juveniles often appear in a dominant proportion (> 50 %) 
independent of the season.  Station ETD1 is the main exception since juveniles are 
represented only by 25.2% in the dry season and 61.9% in the wet season. The adult 
individuals show in general an equal balance between males and females.  
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The 2-way PERMANOVA test was applied on the percentage of age 
structure between dry season and wet season at each station. The results (Table 2) 
showed that for % juveniles, males and females the interaction between estuaries 
and seasons was significant.Table 2 shows which estuaries show a seasonal 
difference (pairwise test).  
 
Table 2. The results of the 2 - way PERMANOVA test for percentage of 




Seasonal change in stations 
 (pairwise test) 
% Juvenile Season 
0.0033 
ECT1 (P=0.0187), ECD1 (p=0.0441), EBL1 (p=0.0073), ETD1 (p = 0.0002) 
Estuary 
0.0001 
Interaction  0.0001 
% Female Season 
0.011 





% Male Season 
0.104 












D W D W D W D W D W D W D W D W





Figure 8. The average ± standard deviation of the percentage females (a) and males 
(b) and juvenile (c) nematodes in the dry season (D) and wet season (W) 
 
3.8. The distribution pattern of nematode communities in the 8 Mekong 
estuaries 
The SIMPROF showed the result that all stations were not distinguished 
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Figure 9. The SIMPROF classify the nematode communities in all stations between 
dry season (D) and wet season (W) 
A multidimensional scaling (MDS) demonstrated that the nematode 
communities (figure 10) showed in general not much difference between the dry and 
the wet season. ECT1 formed the main exception. 
As analyses in chapter 4 showed, the mouth stations sampled in the dry 
season were subdivided in 2 main groups: a group of sandy stations with high 
percentage of sand including ECT1, ECD1, EBL1, EHL1, ECH1, EDA1 and a 
group of silty sand stations with the stations ETD1, ECC1.  
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Figure 10. The MDS of nematode communities at 8 stations in dry season (D) and 
wet season (W) with the 22% similarities indicated in green and the stations for both 
seasons encircled in dashed line  
The two way ANOSIM analyses with station (estuary) and season as 
factors however found a Global R test for the seasonal factor of 0.94 and a 
significance level of 0.1% while the Global R test for the estuarine factor was 0.981 
and the significance level 0.01%. 
The SIMPER analysis showed the highest dissimilarity (> 80%) between 
both seasons in ECT1(table 2). In the wet season this station showed a close 
relationship with the stations ECC1 and ETD1, whereas in the dry season it 
clustered with the remaining stations as shown in Fig 10. Also the stations EHL1, 
ECH1 and EDA1 still showed a relatively high dissimilarity (> 70 %) between both 
seasons but they remained within the same large cluster group as shown in Fig 6.  
Figure 11 shows the dominant genera as identified in chapter 4 and of 
which some showed important changes over the seasons. It illustrates the dominance 
of Desmodora and/or Oncholaimellus in the sand stations, whereas Parodontophora 
and Halalaimus (among others) were characteristic for the silty sand group (similar 
to respectively the sand and silt B group as identified in chapter 4). 
Desmodora occurred in high abundances at EBL1 (55.2%) and ECD1 





season (at EBL1 49.41% and at ECD1 36.13%). The genus was also abundant in 
station EDA1, ECT1, EHL1 and ECC1 but here they increased in percentage from 
respectively 4.1%, 6.75%, 2.56% and 2.639% in the wet season to 20.81%, 14.32%, 
11.83% and 13.07% in the dry season. In ECH1 there was a slight decrease in 
abundance from the wet to the dry season, while abundances remained very low for 
both seasons in ETD1. 
Oncholaimellus dominated station EDA1 with 28% in the wet season but 
was also highly dominant in EHL1 (42.1%) and ECH1 (50.7%) although in the dry 
season. However this genus reduced highly in abundance to (nearly absent) in all 
three stations for the other season.  
Parodontophora was mostly very low or absent in all the sand stations. It increased 
in abundance from the wet to the dry season in the silty station ETD1.  In the 
stations ECC1 and ECT1 the genus increased from 0.53% to 6.52% and from 2.37% 
to 13.17% explaining the change in clustering of the last station between both 
seasons. 
A similar pattern as for Parodontophora, was noticed for Halalaimus 
which was a typical genus for the silty sand, but the genus decreased in abundance 
(15.96 to 39.03%) from the dry to the wet season in station ETD1. However it 
appeared just like Parodontophora in station ECT1 in the wet season with 4.23 %, 
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A SIMPER analysis was performed per station and per season to identify 
the degree of dissimilarity and the responsible genera between seasons in each 
station. The average seasonal dissimilarities in each station range from 42.11% to 
80.82% (table 3). Several genera were identified as responsible for the dissimilarity 
between 2 seasons at each station.  
In station ECT1 that showed the highest average dissimilarity percentage 
(80.82%) between both seasons, the genera Parodontophora, Eumorpholaimus and 
Monhystera were very abundant in the wet season but almost absent in the dry 
season. Other genera became also less abundant in the dry season such as Elzalia, 
Halalaimus and Desmodora while the genera Rhynchonema increased. Also station 
ECH1 showed a high average dissimilarity (80.43%), mainly because densities of 
Oncholaimellus, Daptonema, Sphaerotheristus and Microlaimus increased in the dry 
season whereas the densities of Theristus, Metachromadora, Paracanthonchus and 
Oncholaimus, decreased. 
Some other stations had slightly lower dissimilarity such as EHL1 
(78.68%) and EDA1 (73.3%). These stations had some common genera that caused 
a difference between the dry and wet season such as Oncholaimellus, Desmodora, 
Theristus, Trefusia and Paracanthonchus in which Desmodora and 
Paracanthonchus increased from the wet season to dry season, while the others 
decreased. 
Station ECC1 was also still quite different between seasons (63.37%). The 
present communities were altered by the replacement of dominant genera, especially 
Theristus, Desmodora and Thalassomonhystera which increase from the wet to the 
dry season while Terschellingia and Microlaimus changed in the opposite direction 
The total average dissimilarity in station ETD1 was 59.93% which was 
mainly caused by the increase of Halalaimus, Parodontophora, Elzalia and 
Anoplostoma from the wet to the dry season whereas Leptolaimus, 
Thalassomohystera, Haliplectus and Leptolaimoides showed the opposite pattern 
The lowest dissimilarities between seasons were found at 2 stations: EBL1 
(42.11%) and ECD1 (59.21%). They were both dominated in each season by 





Theristus showed a similar pattern while Oncholaimus showed an opposite 
tendency.  
 
Table 3. The SIMPER analysis showing the total average dissimilarity for each 
station between dry season and wet season, the responsible genera and their 
contribution to the average dissimilarity (Av. Diss). 
ECT1: Av. Dissimilarity: 80.82%  ECD1: Av. Dissimilarity: 59.21%  
Genera Av.Diss Genera Av.Diss 
Parodontophora 8.66 Desmodora 29.56 
Eumorpholaimus 7.92 Omicronema 7.07 
Monhystera 7.8 Rhynchonema 4.43 
Elzalia 6.34 Sphaerotheristus 4.12 
Daptonema 5.21 Theristus 2.23 
Desmodora 3.76 Daptonema 1.97 
Halalaimus 3.39 Oncholaimus 1.31 
Rhynchonema 3.13 Parodontophora 0.88 
  
EBL1: Av. Dissimilarity: 42.11%  ECC1: Av. Dissimilarity: 63.37%  
Genera Av.Diss Genera Av.Diss 
Desmodora 7.16 Terschellingia 8.23 
Microlaimus 3.71 Theristus 7.52 
Hypodontolaimus 3.09 Desmodora 6.75 
Oncholaimus 2.75 Microlaimus 5.15 
Theristus 2.44 Thalassomonhystera 4.38 
Molgolaimus 1.69 Metachromadora 4.1 
Rhinema 1.61 Parodontophora 2.09 
Onyx 1.37 Ptycholaimellus 2.07 
  
ECH1: Av. Dissimilarity: 80.43% EHL1: Av. Dissimilarity: 78.68% 
Genera Av.Diss Genera Av.Diss 
Oncholaimellus 36.64 Oncholaimellus 24.52 
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Daptonema 7.09 Daptonema 7.72 
Sphaerotheristus 4.79 Omicronema 6.16 
Theristus 4.65 Desmodora 5.68 
Microlaimus 2.9 Trefusia 5.42 
Metachromadora 2.2 Paracanthonchus 4.26 
Paracanthonchus 2.03 Viscosia 3.37 
Oncholaimus 1.94 Theristus 3 
  
EDA1: Av. Dissimilarity: 73.30% ETD1: Av. Dissimilarity: 59.93% 
Genera Av.Diss Genera Av.Diss 
Thalassomonhystera 20.59 Leptolaimus 12.52 
Desmodora 13.14 Halalaimus 10.63 
Oncholaimellus 9.09 Thalassomonhystera 5.14 
Trefusia 5.91 Parodontophora 4.8 
Theristus 2.44 Elzalia 2.79 
Xyala 1.87 Haliplectus 2.5 
Paracanthonchus 1.83 Leptolaimoides 2 
Endeolophos 1.63 Anoplostoma 1.64 
 
In addition, the dissimilarities between stations in the same season were 
also found very high (table 4). The dissimilarities between stations compared within 
the same season (spatial comparison) ranged from 41.37% to 96.54%.  
This spatial dissimilarity (comparison between stations sampled in the same 
season) was always higher than the seasonal dissimilarity for station ETD1 and 
ECC1.  Also EBL1 and ECD1 showed a similar pattern except that both stations 
showed a lower spatial dissimilarity with each other in the wet season compared to 
the seasonal comparison within each of the stations. For the 4 remaining stations 
which showed a relatively high seasonal dissimilarity (73-80 %) this % regularly 





Table 4 shows each time the genera that are contributing most to spatial 
dissimilarities within respectively the dry (white) and the wet (gray) season. It shows 
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Table 4. The SIMPER analysis showing the total dissimilarities (%) between stations in the dry season (white backgroup) and the wet 
season (gray backgroup). Each time the four genera with highest contributions (shown in brackets) to the average dissimilarities are 
listed. 
ECT1 ECD1 EBL1 EHL1 ECC1 ECH1 EDA1 ETD1
Dry 
season
84.55 92.55 76.61 81.94 78.93 84.39 94.15
Desmodora(29.11) Desmodora(42.93) Oncholaimellus(33.94) Theristus(13.36) Oncholaimellus(42.6) Thalassomonhystera(25.64) Halalaimus(34.69)
Omicronema(19.13) Microlaimus(7.44) Paracanthonchus(9.96) Thalassomonhystera(8.72 Daptonema(6.18) Desmodora(15.94) Parodontophora(13.42)
Sphaerotheristus(9.78) Hypodontolaimus(5.79) Daptonema(7.01) Desmodora(8.12) Sphaerotheristus(5.8) Paracanthonchus(7.77) Elzalia(7.78)
Rhynchonema(4.22) Onyx(5) Desmodora(6.77) Ptycholaimellus(5.67) Microlaimus(3.63) Trefusia(6.96) Anoplostoma(4.07)
89.73 60.57 77.05 78.9 80.94 66.09 94.16
Desmodora(39.59) Desmodora(14.11) Desmodora(17.25) Desmodora(15.27) Oncholaimellus(23.13) Thalassomonhystera(14.85) Halalaimus(25.71)
Rhinema(3.96) Omicronema(8.96) Oncholaimellus(16.06) Omicronema(12.66) Desmodora(19.54) Omicronema(9.87) Desmodora(10.98)
Oncholaimus(3.9) Microlaimus(4.9) Omicronema(11.77) Sphaerotheristus(6.5) Omicronema(12.41) Desmodora(7.57) Parodontophora(9.8)
Parodontophora(3.16) Sphaerotheristus(4.62) Sphaerotheristus(6.39 Theristus(5.17) Daptonema(4.73) Sphaerotheristus(5.6) Omicronema(7.06)
88.7 41.37 88.41 78.84 89.95 71.05 95.26
Omicronema(7.17) Desmodora(10.13) Desmodora(30.26) Desmodora(28.11) Desmodora(31.2) Desmodora(20.33) Halalaimus(22.63)
Parodontophora(6.48) Rhynchonema(5.74) Oncholaimellus(12.99) Microlaimus(4.83) Oncholaimellus(19.19) Thalassomonhystera(12.25) Desmodora(19.2)
Trefusia(6) Theristus(2.3) Microlaimus(5.76) Hypodontolaimus(4.27) Daptonema(4.75) Microlaimus(4.82) Parodontophora(8.45)
Eumorpholaimus(5.68) Rhinema(2.05) Daptonema(4.66) Onyx(4.19) Hypodontolaimus(4.18) Paracanthonchus(3.59) Elzalia(4.69)
89.19 84.9 86.8 79.97 49.06 73.28 90.73
Omicronema(7.17) Desmodora(52.25) Desmodora(41.44) Oncholaimellus(19.62) Oncholaimellus(17.39) Thalassomonhystera(18.09 Halalaimus(28.86)
Parodontophora(6.48) Rhynchonema(7.41) Omicronema(3.83) Theristus(7.89) Paracanthonchus(5.05) Oncholaimellus(16.34) Parodontophora(11.13)
Trefusia(6) Omicronema(3.25) Trefusia(3.22) Paracanthonchus(5.7) Desmodora(4.45) Desmodora(7.99) Oncholaimellus(9.8)
Eumorpholaimus(5.68) Trefusia(2.99) Oncholaimus(3.13) Thalassomonhystera(5.65) Daptonema(3.2) Trefusia(5.22) Elzalia(6.21)
76.26 89.37 90.09 82.35 86.64 70.31 85.21
Terschellingia(10.73) Desmodora(52.16) Desmodora(41.34) Terschellingia(11.96) Oncholaimellus(27.26) Thalassomonhystera(12.68) Halalaimus(26.62)
Microlaimus(7.1) Rhynchonema(8.52) Terschellingia(5.1) Microlaimus(8.13) Theristus(6.37) Desmodora(6.54) Parodontophora(10.63)
Parodontophora(5.58) Terschellingia(5.04) Rhinema(4.03) Omicronema(7.35) Desmodora(5.43) Paracanthonchus(5.1) Elzalia(5.98)
Eumorpholaimus(5.52) Microlaimus(3.55) Oncholaimus(3.76) Trefusia(6.15) Thalassomonhystera(5.21) Theristus(5.01) Theristus(3.72)
83.02 84.19 88.07 59.64 77.42 89.86 92.7
Parodontophora(7.45) Desmodora(55.6) Desmodora(44.2) Omicronema(8.54) Terschellingia(14.12) Oncholaimellus(23.38) Halalaimus(27.46)
Theristus(6.69) Rhynchonema(8.71) Rhinema(3.85) Theristus(7.26) Microlaimus(9.17) Thalassomonhystera(16.79) Oncholaimellus(14.89)
Eumorpholaimus(6.59) Theristus(3.58) Oncholaimus(3.63) Trefusia(7.1) Theristus(6.09) Desmodora(10.93) Parodontophora(10.57)
Monhystera(6.36) Daptonema(2.83) Theristus(3.43) Onyx(3.81) Halalaimus(4.39) Trefusia(4.84) Elzalia(65.86)
87.44 85.78 91.66 64.58 81.84 63.1 90.22
Oncholaimellus(13.58) Desmodora(53.08) Desmodora(42.1) Oncholaimellus(14.46) Oncholaimellus(13.94) Oncholaimellus(16.9) Halalaimus(25.62)
Theristus(6.81) Rhynchonema(8.02) Oncholaimellus(6.67) Omicronema(7.58) Terschellingia(12.15) Theristus(8.49) Parodontophora(9.83)
Parodontophora(6.62) Oncholaimellus(6.15) Rhinema(4.12) Trefusia(6.34) Microlaimus(7.71) Paracanthonchus(4.9) Thalassomonhystera(9.25)
Paracanthonchus(6.6) Paracanthonchus(3.04) Oncholaimus(3.5) Theristus(4.72) Paracanthonchus(6.65) Daptonema(3.28) Desmodora(6.06)
87.01 94.65 93.07 96.54 82.13 95.29 95.8
Leptolaimus(22.41) Desmodora(28.27) Desmodora(21.37) Leptolaimus(22.71) Leptolaimus(22.68) Leptolaimus(24.13) Leptolaimus(23.11)
Halalaimus(12.32) Leptolaimus(15.66) Leptolaimus(16.39) Halalaimus(13.29) Halalaimus(12.06) Halalaimus(14.12) Halalaimus(13.5)
Thalassomonhystera(8.21) Halalaimus(9.03) Halalaimus(9.32) Thalassomonhystera(8.4) Thalassomonhystera(7.7) Thalassomonhystera(8.72) Thalassomonhystera(8.69)
Leptolaimoides(5.26) Thalassomonhystera(5.87) Thalassomonhystera(5.44) Leptolaimoides(5.34) Leptolaimoides(5.34) Leptolaimoides(5.67) Leptolaimoides(5.43)
Wet 
season





























4.1. There is no common temporal trend for nematode communities at the 
Mekong estuary.  
Almost all variables characterizing different aspects of the nematode 
communities at the 8 mouth estuarine stations such as densities, the maturity index, 
feeding types and age structure only differed in a few stations between the dry and 
the wet season. This was similar to the results by Hodda and Nicholas (1985, 1986) 
studying the temperate Hunter River estuary. They found that the densities and 
species compositions at the different sampling sites changed during the year but not 
following a consistent pattern across all sites. This pattern was attributed to the 
influence of “non-seasonal environmental changes” (Hourston et al., 2009).  
Hodda and Nicholas (1986) further showed that the most important defect 
in the stability of k-dominance curves over the year and the changes of curves over 
different seasons seems mainly due to changes in the density of the most common 
and most opportunistic species. Furthermore, Hodda (1990) also concluded that the 
variations among nematode communities in 3 Australian estuaries were due to other 
than seasonal related factors. In our study, results showed that significant differences 
for different nematode community characteristics was mostly present for the spatial 
comparison and for the interaction effect but not for the seasonal comparison. Some 
of the differences between both seasons is even possible due to a spatial patchiness 
not captured by three replicates from one season only.  
According to Heip et al. (2005) in a study on the benthic ecology of 
estuarine intertidal flats using the Westershelde as an example, one important 
conclusion from the analysis of spatio-temporal variance components by Ysebaert 
and Herman (2002) on macrobenthos, was that a significant amount of variation 
occurs in the ‘station*year’ interaction factor. This is also the case in our study since 
a significant difference was mainly present in the case of the interaction effect 
between seasons and stations. It suggests that communities from different locations 
change differently with time. 
In addition, the trophic structure of nematode communities in the Mekong 
was also not found different between dry and wet seasons but it was significantly 
different between stations. This was supported by studies of Hodda (1990) and 
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Hourston et al. (2009) on tropical Australian estuaries, who suggested that free-
living marine nematodes tend to be selective in the food they ingest. The presence of 
large amounts of a particular type of food at a locality would favour colonisation by 
nematodes that belong to a particular trophic group. Seasonal and other not food 
related environmental variables influence weakly the nematode communities 
according to the authors. However, this is opposite to studies done in temperate 
areas where densities clearly tend to be higher in the spring/summer (Tietjen, 1969) 
with changes in trophic group composition being attributed to coincidental seasonal 
changes in food resources (Heip et al., 1985; Fisher, 2003). Also in subtropical 
estuaries studied by Ansari and Parulekar et al. (1998) the nematode communities 
showed a substantial change in their dominant feeding type from season to season.  
The MDS further demonstrated that also the Mekong nematode 
communities showed a distribution pattern based primarily on the sediment 
characteristics much more than on seasonal variation. All silty sand stations were 
classified in 1 group with high similarities that separated them from the remaining 
sand stations except for station ECT1 which separated over the seasons between 
both sediment groups. Each station in the sandy group was also clustered in the 
same group although some overlap between stations from this group appeared. This 
is similar to the study of Eskin and Coull (1987) who studied meiobenthic nematode 
populations in two stations, respectively with sand and mud, over 3 years of time 
series. They found that the year to year variability was not great and was dissimilar 
at both sites. This study showed that the mud species were distinctly more seasonal 
while the sand community lacked seasonality. The seasonal prominent pattern in the 
mud station was thought to be controlled by predation mechanisms whereas 
hydrodynamic activity is proposed as the mechanism maintaining the community at 
the sand site. Possibly this is also the case in our study since the silt station ECT1 
showed the highest variation over time. 
It was clear from our results that there were only weak or no changes 
between seasons in most stations whereas there are prominent alterations for the 
spatial scale for many aspects of the nematode communities. For all the measured 
variables of the nematode communities, only the Shannon – Wiener diversity index 





occurred between both seasons were mainly due to the composition and abundance 
of genera, especially the dominant genera.  
Indeed, the genera Desmodora and Oncholaimellus dominated with high 
percentages in the sandy stations (EBL1, EDA1, ECD1, ECH1 and EHL1) while 
Parodontophora and Halalaimus dominated in the silty sand stations (ETD1, 
ECC1). The station ECT1 was a transitory station since Parodontophora, 
Halalaimus and Desmodora all share high abundances. Those dominant genera 
influenced a lot the trend for changes in nematode communities on a temporal scale 
or spatial scale.   
As found from SIMPER analysis, the larger dissimilarities for the spatial 
scale compared to the temporal scale was very recognizable in the stations ETD1, 
ECC1 and also EBL1 and ECD1. In those stations, the percentage contribution and 
average abundance of genera within each station between seasons was much less 
than between stations (see table 3). This points to the fact that spatial environmental 
gradients in granulometry are more important than seasonal variation in 
environmental characters for structuring nematode community structure.  It may be 
caused by the climate in tropical areas that only varies in precipitation between the 
dry and the wet season.  
These results were also similar to unpublished work of Nguyen (2009) who 
compared nematode communities in the Can Gio mangrove forest between the dry 
and the wet season. The ANOSIM showed significant difference in seasonal 
variation but the Global R was only 0.394. The comparison also mentioned that the 
trophic structure was not significantly different between seasons but the biodiversity 
indices such as Shanon-Wiener, Margalef, and Hill were. The results of this study 
also indicated that differences between various stations were larger than between 
seasons. 
Some studies (Eskin and Coull, 1987; Hodda, 1990) also showed that 
spatial variation was larger than temporal variation like in the Mekong estuarine 
system. Alterations on a temporal scale may be caused by temperature or the relative 
abundances of the different types of food present as the most obvious factors 
explaining mainly density changes (Heip et al., 1985; Hourston et al., 2009). 
Therefore, spatial variation was larger than the temporal variation in most stations 
CHAPTER 5 
                                                                                                                               
141  
 
because the spatial variation was driven by sediment composition which seems still 
the most important factor for community composition, whereas seasonal variation is 
driven by temperature, food and salinity which are secondary drivers for nematode 
community composition as illustrated by the results of chapter 4. 
 
4.2. What explains the higher seasonal dissimilarities for the stations EHL1, 
ECH1, EDA1 and ECT1? 
One of highest dissimilarity (80.82%) observed between the dry and the 
wet season was at station ECT1. This high dissimilarity was caused by a different 
generic composition between seasons. The reduction of Parodontophora and 
Halalaimus, typical silt genera, together with the increase in importance of 
Desmodora (typical sand genus) from the wet to the dry season were responsible for 
this major community shift.  Here we assumed that possibly small scale patchiness 
in sediment composition at this station may be responsible for this change rather 
than seasonal changes, since the community shift seems to be associated with 
sediment characteristics. Unfortunately no sediment data are available for the wet 
season to confirm this hypothesis. 
Beside ECT1, 3 other stations: EHL1, ECH1 and EDA1 were also shown to 
have high dissimilarities between the 2 seasons with 78.68%, 80.43% and 73.3% 
respectively. The dissimilarities that occurred in these stations were largely 
explained by the dominant position of Oncholaimellus in one season while it 
disappeared in the other season. The increase in Oncholaimellus each time was 
associated with a decrease in Desmodora. 
Those dominant genera showed however a different temporal trend in these 
stations. Desmodora increased very prominent in relative abundances from the wet 
to dry season at EHL1 and EDA1 but it decreased in ECH1. Beside Desmodora, 
Oncholaimellus appeared with high numbers from being absent from the wet to dry 
season at EHL1 and ECH1 but disappeared in the dry season at station EDA1, while 
being abundant during the wet season. Their “variable” dominant positions at those 
stations in the dry season or wet season were observed before, although in different 
circumstances. In the study by Maria et al (2012), on the Belgian beach of the 





among the tidal stages and the authors explained this based  on tidal regime and 
isotopic signatures that Oncholaimellus dominated on the sediment surface to feed 
during high tide. They also appeared to be very sensitive as they were present in the 
control treatments while being eliminated at the low dose treatment of the 
insecticide permethrin (Boufahja et al., 2011). Beyrem et al. (2007) also noted that 
Oncholaimellus (species Oncholaimellus mediterraneus) could be categorized as 
“cadmium-diesel sensitive” since they were significantly effected by a cadmium–
diesel contamination but they were not eliminated. Their decreasing dominances 
were considered responsibly for significant difference between the cadmium–diesel 
mixture treatments (high Cadimium + diesel 0.25) and all the other microcosms. The 
ecological characters of Oncholaimellus were also described in the study of Gambi 
et al. (2009). These authors performed an experiment inducing hypoxic-anoxic 
conditions in seagrass sediments with 3 treatments: control, organic matter 
treatments and organic matter plus nutrients treatments. Oncholaimellus was present 
with 0.7% in the control and 0.8% in the organic matter plus nutrients treatment but 
at the end of the experiment, they completely disappeared in the organic matter plus 
nutrients treatment while in the control, they remained the same with 0.7%. 
According to the authors, the disappearance of the dominant genera in the treatments 
revealed a high sensitivity to the hypoxic-anoxic conditions. Kapusta et al. (2006a) 
found Oncholaimellus very dominant (14%) in the Tramandaí lagoon (Brasil) and 
the authors explained that they occurred with great abundance in this lagoon 
benefiting from the silt and clay variability among 4 seasons. Another study of Neira 
et al. (1998) reported that Oncholaimellus (O. calvadosicus) dominated with 13% in 
the ice winter of the year 1995 and increased to 29 % in a ice cold sandy tidal flat 
south of Spiekeroog Island during the winter 1996. In this study, the authors also 
confirmed that there was not a significant other change in nematode composition 
owing to the ice winter. All these observations are to some extent in line with our 
observations that the relative abundance of this genus can vary significantly with 
time, though as a result of varying factors. The variable abundances at the Mekong 
mouth stations are difficult to explain here but seem not related to a seasonal factor 
since its dominance is not associated with one season. Further research is needed 
here. 
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Therefore, we conclude that the seasonality in the Mekong estuarine system 
does not strongly affect the nematode communities’ structures and their distribution. 
The spatial variations in this estuarine area have an influence that is larger than 
seasonal factors. It may be due to the tropical climate that the nematode 
communities show more continuous cycle of reproduction.  
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Nematode morphometry and biomass were investigated in the dry season of 
2009 at the mouth of 8 Mekong estuaries and along the Co Chien estuary. We 
investigated to what extent morphometry and biomass of nematodes related to other 
community characteristics or to the present environmental gradients. The average 
nematode lengths at the mouth stations were significant larger than the nematodes’ 
at stations along the Co Chien estuary. There were no significant difference found in 
the case of nematode width, L/W ratio, individual biomass and total biomass 
between stations at the estuarine mouth and along the Co Chien estuary. This study 
further confirmed however that nematode morphometry and biomass distribution 
reflect specific modes of life, or ecological interactions in terms of feeding 
strategies, life history and diversity. There were also particular morphotypes 
promoted in specific environmental conditions. Over the whole area and especially 
along the mouth stations, nematodes were especially longer in sandy substrates 
where chlorophyll a concentrations were low. This was explained by the increase in 
predators and the decrease in small opportunistic deposit feeders. When the silt 
fraction increases, together with the pigment concentrations, especially along the Co 
Chien estuary, the number, total biomass and abundances of small opportunistic 
genera increase resulting in a lower maturity index and a higher number of genera.  
 
Keywords: nematode morphometry, biomass, Mekong estuaries 
 
1. Introduction 
One important aspect in the study on the ecology of free-living nematodes 
is the morphometry and biomass. Despite the fact that studies on nematode biomass 
are very well documented from different parts in the world (e.g. Dye and 
Furstenberg, 1978; Smol et al., 1994; Soetaert and Heip, 1995; Vanreusel et al., 
1995; Vanreusel et al., 2000; Nozais et al., 2001; Tita et al., 2002; Nozais et al., 
2005; Boufahja et al., 2007; Leduc et al., 2010), no information of estuarine 





Biomass and size related studies focused on different aspects of the 
nematode communities  such as the ecology and metabolism of nematodes 
(Warwick and Price, 1979), the carbon partitioning within meiobenthic or nematode 
communities (Kenedy, 1994), the ecological interpretation of size spectra, body 
width and the distribution of morphotypes of nematodes (Tita et al., 1999; Soetaert 
et al., 2002; Soetaert et al., 2009), feeding ecology (Moens and Vincx, 1997), 
experimental approaches using techniques of stable isotopes to unravel the  feeding 
ecology (Moens et al., 2005, Moens et al., 2007) and the application of  nematode 
biomass for anthropogenic impact or environmental assessment (Warwick, 1988a,b; 
Clarke and Warwick, 2001; Vanaverbeke et al., 2003; Vidakovic and Bogut, 2004). 
However, again most of these projects were mainly carried out in the northern 
hemisphere. No information is found from Southeast Asia where the morphometry 
and biomass of free living marine nematodes is not yet studied. 
The Mekong River is the greatest river in the Southeast Asian region which 
forms a vast delta and complex estuarine system. The structure of the nematode 
communities in this area were recently studied and a strong correlation with 
granulometry and chlorophyll a was found (Ngo et al, 2010a,b and Ngo et al. in 
press). Nematode morphometry and biomass distribution patterns in relation to other 
characteristics of nematode communities as well as present ecological gradients 
have not yet been studied. However they can provide insight on the mode of life of 
the dominant nematodes and increase the general insight on nematode ecology. By 
linking nematode morphometry to measures of diversity, the maturity index and the 
trophic composition on one hand and environmental conditions on the other, we can 
identify how particular types of nematodes are promoted in specific conditions, and 
if this is explained by favouring specific feeding modes or life strategy 
characteristics. Therefore, the following research questions for this study were 
identified: 
 Is nematode morphometry and biomass distribution reflecting 
specific modes of life, or ecological interactions in terms of feeding 
strategies, life history and diversity? 
 Are particular morphotypes promoted in specific environmental 
conditions? 
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2.1. Sampling location  
The sampling was carried out in the dry season, March 2009. During this 
campaign, nematode samples and environmental parameters were collected along 
the Co Chien estuarine river at 3 stations  ECC2, ECC3, ECC4 and along the coast 
at the mouth of the Mekong estuarine system including 8 stations: 1 station at the 
Cua Tieu estuary -  ECT1, 1 station at the Cua Dai estuary - ECD1, 1 station at the 
Ba Lai estuary - EBL1, 1 station at the Cung Hau estuary - ECH1, 1 station at the Co 
Chien estuary - ECC1, 1 station at the Ham Luong estuary - EHL1, 1 station at the 
Dinh An estuary - EDA1 and 1 station at the Tran De estuary - ETD1 (sampling map 






Figure 1. Sampling stations for biomass research in the Co Chien estuary and at the 
mouth of the Mekong estuaries 
 
2.2. The environmental parameters collections: 
In order to understand how environmental parameters vary in this area, 
some physicochemical parameters in the water such as temperature, salinity, pH, 
total dissolved solids (TDS), and dissolved oxygen (DO) were measured directly by 
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the HQ40D digital multi – meter at each station during the time of sampling for 
nematodes.  
The total dissolved solids (TDS) refer to any substrate such as minerals, 
salts, metals, cations or anions dissolved in water. This includes anything present in 
water other than the pure water and suspended solids. A high level of TDS is an 
indicator of potential concerns. Normally, high levels of TDS are caused by the 
presence of potassium, chlorides and sodium. These ions have little or no short-term 
effects, but toxic ions (lead arsenic, cadmium, nitrate and others) may also be 
dissolved in the water. 
Data of sediment associated environmental features such as nutrients 
(Nitrite, nitrate and ammonium), chlorophyll a, phaeopigment concentrations and 
granulometry were also collected and analyzed at the Marine Biology Section at the 
University of Ghent. Coliform concentration in the sediment was measured at the 
Laboratory of Ho Chi Minh city Environmental Technology Center (see more in 
chapter 3).  
 
2.3. Nematode morphometric and biomass 
Nematode samples were collected and processed as described in chapter 4 
(see chapter 4, page 3). In each station, 200 nematode specimens were picked out 
randomly for making slides. These nematode specimens were measured in terms of 
the length (excluding filiform tail) and width at the maximum points by the software 
Leica Application Suite integrated with Microscope Leica. Individual nematode wet 
biomass was calculated according to Andrassy’s formula (Andrassy, 1956): Biomass 
(µg WW) = L x W
2
/1 600 000, with L the nematode length (µm) and W the 
nematode width (µm). The dry biomass was estimated to be 25% of the wet biomass 
(Wieser, 1960) and expressed in µg. 
All nematode data such as the length (L(µm)), the width (W(µm)), average 
of length and width (L/W), the average of individual nematode biomass (µg), total 
nematode biomass(µg/10 cm²) were analyzed in relation to  other characteristics  of 
nematode communities such as densities, maturity index – MI (Bongers et al. 1991), 
percentage of feeding types and trophic index - ITD (total square percentage of 





nematode variables between stations were detected by one way ANOVA analysis or 
non-parametric Kruskal – Wallis ANOVA by rank test if the ANOVA assumptions 
were not satisfied. All the graphs were based on raw data. 
The data of environmental variables were constructed by a Draftsman plot 
to check skewness and homogeneity of the data point. Afterward, these data were 
normalised and resemblage was calculated with the Euclidean distance. The BEST 
routine (BIOENV) was also applied to investigate whether the environmental 
patterns correspond with those inferred from the nematode size, shape and biomass 
to define which variables correspond best.  
In order to investigate the relationship between nematode size, shape and 
biomass with other nematode characters or environmental variable, the software 
STATISTICA 7.0 was used to calculate the Spearman Rank Correlation analysis (r 
coefficients) and multiple regressions.  
Beside linear regression, some other models of regression such as 
exponential or logarithmic models were applied occasionally in order to explain 
better the variation in nematode morphometry.  
 
3. Results  
3.1. Environmental variables in the mouth stations and along the estuary 
ECC: 
The environmental variables were shown in table 1. At the mouth of the 
estuarine systems, high values of dissolved oxygen, and pH were observed. There is 
a high coliform concentration measured at station ECD1.  
In the sediment, chlorophyll and total pigment concentration was quite high 
along the estuary ECC except in station ECC2 compared to the mouth stations 
where the values were less than 1µg/g (figure 2). The ammonium, nitrite and nitrate 
concentration showed high values in ECH1 followed by most of the other mouth 
stations (figure 3).    
Those stations also have a high percentage of sand in the sediment except 
for the station ETD1 and along the estuary ECC1 (figure 4).   
 
                                                                 CHAPTER 7 
                                                                                                                               
151  
 
Table 1. The environmental variables at the mouth stations and along the ECC 
estuary 
Stations 
DO  pH TDS Coliform NO3+NO2 NO2 NH4 Chla CPE Silt Sand 
(mg/l)   (g/l) (MPN/g) (mg/l) (mg/l) (mg/l) (µg/g) (µg/g) (%) (%) 
ECT1 9 8.6 22.1 170 251.33 6.33 2749.50 0.00 0.00 0.00 100.00 
ECD1 5.4 8.3 9 24000 151.50 3.67 270.67 0.16 0.19 0.00 100.00 
EBL1 6.4 8.62 23.6 n.a 206.76 7.69 1134.44 0.40 0.54 0.02 99.98 
EHL1 7.1 8.2 34.3 93 48.79 10.14 325.14 0.03 0.05 0.00 100.00 
ECC1 5.9 8.12 8.2 330 47.20 5.00 1402.80 6.61 7.74 17.86 79.76 
ECH1 6.8 8.2 42.8 45 626.00 8.17 9314.17 0.31 0.38 0.71 99.10 
EDA1 6.7 8.51 40 n.a 99.60 4.80 1466.20 0.22 0.33 0.00 100.00 
ETD1 5.7 7.4 35.8 270 148.50 10.67 591.83 1.73 3.67 76.12 2.86 
ECC2 6.4 8.21 26.5 n.a 39.83 7.00 497.67 0.24 0.38 2.17 97.47 
ECC3 6.1 7.7 17.91 270 3.00 2.83 1142.50 3.89 9.00 73.90 12.13 

































a.  b.  
 
Figure 2. The average values ± SD of total pigment concentration and chlorophyll a 
over the vertical sediment profile at the mouth estuaries (a) and along the Co Chien 

























a.  b.  
Figure 3. The average values ± SD of nitrite & nitrate (raw data multiply with 10) 
and ammonium over the vertical sediment profile at the mouth estuarine stations (a) 





































Figure 4. The sediment features (% sand, clay and silt) at the mouth stations (a) and 
along the estuary ECC (b) 
 
3.2. Morphometry and biomass of nematode assemblages 
The biomass of nematodes depends on the shape of the nematodes since it 
was calculated based on the length and width. The length of nematodes at the 8 
mouth stations of the Mekong estuarine system ranged from 116.967 µm to 4302.3 
µm but their arithmetic mean per replicate sample ranged from 538.36 µm to 
1067.17 µm. The nematode width ranged from 5.21 µm to 165.55 µm and their 
arithmetic mean varied from 18.86 µm to 39.6 µm.  
The nematode shapes along the 4 stations along the estuary ECC seem 
smaller and shorter. The lengths ranged from 166.1 µm to 3857.1 µm and their 
arithmetic means varied from 538.4 to 989.9 µm per replicate sample. The nematode 
width ranged from 7.1 µm to 159 µm, and their arithmetic mean from 19 µm to 28.6 
µm on average. The nematode morphometry (length plotted versus width) of all 
measured nematodes in the study area are shown in figure 5.  
The ratio of length and width of the mouth stations ranged from 4.51 to 
149.3 (arithmetic mean from 20.57 to 51.35). The frequency distribution over all 
mouth stations are shown in figure 6a. The L/W ratios in the estuary ECC varied 
from 3.86 to 183.56 (arithmetic mean:  20.61 to 48.55) (fig. 6b). Individual 
nematode biomass showed values from 0.041 µg to 0.167 µg and total biomass 
ranged from 9.08 µg to 706.3 µg / 10 cm² on average.  
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a.  b.  
Figure 6. The histogram of frequency distribution of ratio length and width 
(L/W) at the mouth stations (a) and estuary ECC (b). 
 
Nematode lengths were significant different between mouth stations 
(ANOVA test: F (16, 7) = 14.126, p = 0.000009). The results of pair wise comparisons 
are shown in table 2a. There is also a significant difference for nematode widths (log 
transformed). A pair wise comparison indicated that it was only  station ECD1 that 
differed from the stations ECT1, EHL1, ECH1, EDA1, (F(16, 7) = 5.38, p = 
0.000004). The log transformed total biomass also differed significantly between 
stations, with mainly ECT1 differing from all remaining stations (table 2b).  
 
Table 2a. The p values of the pair wise comparison between stations for nematode 



















        
ECT1 0.135784 
       
ECD1 0.002367 0.421931 
      
EBL1 0.040229 0.996775 0.802942 
     
EHL1 0.000202 0.009499 0.415764 0.034557 
    
ECH1 0.000177 0.001239 0.071245 0.004174 0.947447 
   
EDA1 0.014338 0.917615 0.975579 0.999201 0.093643 0.011717 
  
ETD1 0.233809 0.999967 0.265847 0.967308 0.005022 0.000728 0.775500 
 
 
ECC1 ECT1 ECD1 EBL1 EHL1 ECH1 EDA1 ETD1 
  
Table 2b. The p values of the pair wise comparison between stations for nematode 
total biomass based on the HSD test 
ECC1 
        
ECT1 0.005071 
       
ECD1 0.028009 0.000177 
      
EBL1 0.472857 0.000260 0.686151 
     
EHL1 1.000000 0.005228 0.027165 0.463899 
    
ECH1 0.997775 0.001580 0.090901 0.828951 0.997393 
   
EDA1 0.938430 0.000695 0.214070 0.978274 0.934150 0.999472 
  
ETD1 0.006788 0.000175 0.994343 0.287879 0.006583 0.022985 0.059768 
 
 
ECC1 ECT1 ECD1 EBL1 EHL1 ECH1 EDA1 ETD1 
  
 
Significant differences were also found in the case of the L/W ratio 
between ECC1 and EHL1 and ECH1 by Kruskal – Wallis ANOVA by rank (H(7, 
N=24) = 20.68, p = 0.0043). The individual biomass was not different between mouth 
stations (p = 0.1, Kruskal –Wallis ANOVA by rank test).   
For those stations along the estuary ECC, the nematode length and ratio 
L/W showed both significant differences between station ECC2 and  remaining 
stations when tested by  one way ANOVA analysis followed by a post hoc Tukey 
(HSD) test (length: F(8,3) = 15.206, p = 0.001; ratio L/W: F(8,3) = 18.545, p = 
0.00058). The log transformed total biomass of nematodes was significantly 
different between ECC2 and ECC3, ECC4; ECC1 and ECC3 (F(8,3) = 18.61, p = 
0.000576). There is no significant difference between stations for the nematode 
width and individual nematode biomass (pw = 0.07, pind.bio. = 0.118, Kruskal – Wallis 
ANOVA by rank test).    
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Figure 7. The arithmetic mean (± SD) of nematode length (the mouth stations – a, 
along estuary ECC – b), nematode width (the mouth stations – c, along estuary ECC 
– d), ratio L/W (the mouth stations – e, along estuary ECC – f), individual biomass 
(µg)(the mouth stations – g, along estuary ECC – h) and total biomass (µg/10cm
2
) 
(the mouth stations – i, along estuary ECC – k). 
 
The average nematode lengths in all mouth stations was significantly 
higher than the nematode lengths along the ECC estuary (ANOVA analysis with 
log(x+1) transformed data: F(34,1) = 4.42, p = 0.042)). There was no significant 
difference between mouth stations and estuarine ECC stations in the case of 
nematode width, ratio L/W, individual biomass and total biomass.  
 
3.3. Correlation between nematode morphometric data and other 
characteristics of nematode communities: 
Correlation coefficients based on nematode size and biomasses with other 
nematode community characters are shown in table 3. Nematode length was 
significantly negative correlated with genera richness (S) but positive correlated 
with the maturity index (MI).  
In addition, the nematode lengths also showed a significant negative 
correlation with percentage of feeding type 1A but a positive correlation with 2B. 
Nematode widths only showed a significant positive correlation with the percentage 
of feeding type 2A. The ratio between nematode lengths and widths were also 
significant correlated with genera richness (negative), the maturity index (positive) 
and feeding types 2A (negative) and 2B (positive).  
                                                                 CHAPTER 7 
                                                                                                                               
157  
 
The individual biomass and total biomass were also positive significantly 
correlated with the nematode densities.  
 
Table 3. The correlation between nematode morphometric data with other nematode 
community characteristics (n= 24): number of genera (S), densities (N(ind./10cm
2
), 
the maturity index(MI), percentage of feeding type selective deposit feeders (%1A), 





S N MI %1A %1B %2A %2B 
Av.Length 
r -.6537 -.3402 .4211 -.5150 -.3874 -.1823 .7997 
p .001 .104 .015 .010 .061 .394 .000 
Av.Width 
r .0981 .1087 -.1155 -.2648 .1708 .7154 -.2702 
p .648 .613 .522 .211 .425 .000 .202 
L/W 
r -.6523 -.3168 .4065 -.3015 -.4631 -.5501 .8620 
p .001 .131 .019 .152 .023 .005 .000 
Individual 
biomass 
r .0417 .4851 -.0444 .1272 -.0816 .2914 -.2283 
p .847 .016 .806 .554 .705 .167 .283 
Total 
biomass/10cm2 
r .0928 .7270 -.0375 .3592 -.0476 .1429 -.3729 
p .666 .000 .836 .085 .825 .505 .073 
 
At the mouth stations, the correlation pattern between nematode 
morphometric data with other nematode aspects was similar to the results for the 













Table 4. The correlation between nematode morphometric data with other nematode 
data at the mouth stations (n=18): number of genera (S), densities (N(ind./10cm
2
), 
the maturity index(MI), percentage of feeding type selective deposit feeders (%1A), 





S N MI %1A %1B %2A %2B 
Av.Length r -.7835 -.1310 .3203 -.5109 -.3501 -.1954 .7736 
 
p .000 .604 .127 .030 .154 .437 .000 
Av.Width r .0642 .0602 -.1521 -.2280 .1645 .7093 -.3162 
 
p .800 .812 .478 .363 .514 .001 .201 
L/W r -.7461 -.1045 .4219 -.3225 -.4287 -.5623 .8721 
 
p .000 .680 .040 .192 .076 .015 .000 
Av.Bio/ind r -.0048 .4647 -.0463 .1971 -.1359 .2561 -.2354 
 
p .985 .052 .830 .433 .591 .305 .347 
Total 
bio./10cm2 
r .0874 .6811 -.3919 .4217 -.1345 .0995 -.3401 
p .730 .002 .058 .081 .595 .694 .167 
 
Along the estuary ECC, the length of nematode was negative significantly 
correlated with the percentage of feeding 1B but again positive correlated with the 
feeding type 2B. The ratio between L/W ratio showed a significant negative 
correlation with the ITD and percentage of feeding type 1B whereas it was 
positively correlated with 2B. The widths of nematodes were not found significantly 
correlated with any measured data of nematodes. Both individual biomass and total 
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Table 5. The correlation between nematode morphometric data with nematode 
community characteristics along the estuary ECC (n=12): trophic index (ITD), 
number of genera (S), densities (N(ind./10cm
2
), the maturity index (MI), percentage 
of feeding type selective deposit feeders (%1A), non-selective deposit feeders 




ITD S N MI %1A %1B %2A %2B 
Av.Length 
r -.5712 -.2627 -.4686 -.1603 .0831 -.8198 .2828 .6963 
p .052 .409 .124 .619 .797 .001 .373 .012 
Av.Width 
r .3932 .2915 .5468 -.0648 -.4703 .5132 .2595 -.4036 
p .206 .358 .066 .841 .123 .088 .415 .193 
L/W 
r -.6051 -.3025 -.5551 -.0587 .2534 -.8313 .0716 .7392 
p .037 .339 .061 .865 .427 .001 .825 .006 
Individual bio. 
r .1581 -.2178 .6312 -3726 -.0645 .1382 -.0013 -.1060 





r .4921 -.3537 .9086 -.5256 .0163 .4731 -.1877 -.4574 
p .104 .259 .000 .079 .960 .120 .559 .135 
 
3.4. Correlation between nematode morphometric data and environmental 
variables 
Results of the BEST analysis showed that dissolved oxygen, pH and the 
percentage of silt best explained the nematode size and biomass (Rho = 0.643, p = 
0.01).  
However, in the Spearman correlation, the nematode lengths showed a 
significant correlation with many environmental variables as shown in table 6.  





. There was also significance, though slightly weaker 
correlation with percentage of silt (negative) and sand (positive). The widths were 
strongly significant correlated with coliform and NO2
-
 concentrations.  
The ratio L/W was also found significantly correlated with many 
environmental variables as shown in table 6. Especially they showed a strong 











also negative correlated with the percentage of silt and the chlorophyll a 
concentration (table 6, figure 8b). 
Individual nematode biomass was not significant correlated with 
environmental variables except for dissolved oxygen. They tend to decrease when 
dissolved oxygen increase. Similar to the case of individual biomass, total nematode 
biomass was significantly negative correlated with dissolved oxygen and also with 
pH and percentage of sand. Total biomass increased significantly with percentage of 
silt (table 7, figure 8c).  
 
Table 6. The correlation between nematode morphometric data with environmental 
variables for the whole area (n=24). 
(Tot.Pig: Total pigment concentration) 
 
Table 7. The significant regression of nematode lengths (L) and chlorophyll a 
concentration (Chl.a); length – width ratio (L/W) and TDS; total biomass (Total 
bio.) and   percentage of silt in the sediment (%silt). 
 
Regression test R2 F df p 
L & Chl. A 0.622 46.1 1,28 <0.000001 
L/W & TDS 0.418 22.29 1,31 0.000048 
Total bio. & %silt 0.296 13 1,31 0.00106 
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Figure 8. Regression functions between 
nematode morphometric data with 
environmental variables: between length and 
chlorophyll a (a), between L/W with TDS 
(b), total biomass and percentage of silt 
(%silt) (c).  
 
c.  
Considering the mouth stations separately, the nematode morphometric 
data showed a similar pattern in correlation with several environmental variables as 
for the whole area. Also now the strongest correlations are found between length and 
pigments, width and coliform concentrations and L/W and TDS. The results of the 
correlation analysis are shown in table 8. The main difference is that percentage of 
silt and sand correlated no longer with nematode length. 
 
Table 8. The correlation between nematode morphometric data with environmental 
variables at the mouth stations (n=18) 
 





Along the estuary ECC, the lengths, widths and ratio L/W of nematode 
were not found significantly correlated with any environmental variable (table 9). 
The individual biomass and total biomass showed both similar correlations with 
TDS, coliform and NO2
-
 (table 9, figure 9). 
 
Table 9. The correlation between nematode morphometric data with environmental 
variables along the estuary ECC (n=9) 
 
 
(Tot.Pig: Total pigment concentration) 
 
Table 10. The significant regression test between individual biomass (ind.bio.) and 
total biomass (Tot.bio.) with NO2
-




 F df p 
Ind.bio. & NO2
-
 0.511 4.7 1,1,9 0.039 
Tot.bio. &  NO2
-
 0.795 17.535 1,1,9 0.000786 
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y = 33,647x2 - 429,78x + 1393,6
R² = 0,7958
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Figure 9. The regression functions between individual biomass (ind.bio.) and total 
biomass (Tot.bio.) with NO2
-
 concentration along the estuary ECC 
 
4. Discussion 
4.1. The nematode morphometry in the Mekong estuaries compared with 
other study areas 
The morphometry of nematode communities in the Mekong estuarine 
system was characterized by the nematode size and shape. Our studies showed that 
the nematode length and width had a quite large range. The length of nematodes was 
mainly more than 100 µm and less than 3000 µm. There were a few nematodes more 
than 3000 µm long. The range of our nematode lengths were shorter than those in 
the study of Romeyn and Bouwman (1983) from the Ems-Dollard estuary who 
reported that the lengths of estuarine nematodes vary from 500 to 5000 µm. 
However, our results were overlapping with the range of nematodes observed in the 
deep sea and ocean margin (Soetaert et al., 2002; Soetaert et al., 2009) that were up 
to 5000 µm long. The averaged nematode lengths at the mouth station are found to 
be significant higher than those along the estuary ECC. It may relate to the sediment 
features at those stations. The mouth stations were having a sandy habitat in general 
while along the estuary ECC the sediment showed a higher silt fraction. The ECC 
stations also all showed higher chlorophyll a concentrations. These results support 
earlier conclusions of Warwick (1971) and Heip et al (1985) that nematodes in 
sandy sediments are longer.  
The nematode widths are mainly less than 70 µm and greater than 5 µm. It 





nematodes’ at the mouth stations. These results show a wide range compared to the 
result of Tita et al., (1999) who studied nematode assemblages in the St Lawrence 
Estuary, Quebec, Canada and who reported that the nematode width ranged from 
22.6 µm  to 32.0 µm. 
The L/W ratio was mainly in the range from 20 to 70. The frequency 
distribution of the L/W ratio showed that the peak along the estuary ECC is lower 
than at the mouth stations. According to Schratzberger et al. (2007), the L/W ratio is 
a measure of a nematode’s body shape with long/thin animals having high ratios, 
and stout animals’ low ratios. In addition, Soetaert et al. (2002), Vanaverbeke et al. 
(2004) and Schratzberger et al. (2007) also mentioned that three morphologies have 
developed over evolutionary time-scales: stout, slender and long/thin. Slender and 
long/thin nematodes are able to move swiftly through the sediment but the stout 
morphotype in contrast, may have evolved towards reducing the predation pressure 
on these small individuals but these adaptations undoubtedly bring along reduced 
mobility. Schratzberger et al. (2007) classified nematode shapes to three shape 
categories based on the following criteria: stout with a L/W ratio < 18, slender with 
a L/W ratio of 18–72 and long/thin with a L/W ratio > 72. In the case of the Mekong 
estuaries, we see that 16.19% of the nematodes have a stout shape, 3.62% have a 
long/thin shape and more than 80.19% of the nematodes have a slender shape. These 
percentages showed differences between the estuary ECC and the mouth stations. At 
the mouth stations, the percentage of slender nematode was 86.89% which is much 
higher than along the estuary ECC with only 66.71% but the percentage of stout 
nematodes along the estuary ECC (26.3%) was higher than in the mouth stations 
(10.32%). The long and thin nematodes present a low percentages at all stations: 
2.79% at the mouth stations and 5.03% along the ECC estuary.   
Schratzberger et al. (2007) recorded that the majority of nematodes were 
slender (82%) while stout animals accounted for 6% and long/thin animals for 12% 
of the nematode communities in the southwestern subtidal North Sea. These 
percentages were explained by the fact that most of the sediments consisted of 
moderately to poorly sorted muddy sands. The percentage of slender nematodes was 
not much different from the Mekong estuarine nematodes but the percentage of stout 
nematodes was lower while the percentage of long/thin nematodes was higher. The 
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proportion of slender nematodes is lower while the stout nematodes increase in 
relative abundance when the silt fraction is higher. 
The individual biomass of the Mekong estuarine nematodes expressed in 
dry weight ranges from 0.041 µg to 0.167 µg. This range overlapped with the ranges 
for individual dry weight of nematodes in the deep sea reported by Soetaert et al. 
(2002) which measured from 0.038 µg to 0.205 µg, by Soetaert et al. (2009) which 
measured from 0.067 µg to 0.18 µg, and from a tropical lagoon reported by 
Boufahja et al. (2007) which measured from 0.0525 to 0.2625 µg. But they were 
lower than the individual biomass in a temperate estuary reported by Smol et al. 
(1994) (0.38 ± 0.02 µg to 0.46 ± 0.02 µg). It seems that nematodes in the Mekong 
estuaries are characterized to have a similar weight and size compared to nematodes 
in other habitats, although they are lower than in the Oosterschelde estuary.  
However, the total biomass of Mekong nematodes showed rather high 
values from 9.08 µg dwt/10cm
2
 to 706.3 µg dwt/10 cm
2
 in comparison with some 
other studies. Dye and Furstemberg (1978) in their study on the Swartskop estuary, 
South Africa found values for total biomass ranging from 0.1-0.4 µg/10cm
2
. Van 
Damme et al. (1980) showed values from 0.03-4.58 µg/10cm
2
 in the Western 
Scheldt estuary. Tita et al. (2002) showed mean total nematode biomass values in 
five intertidal estuarine assemblages ranging between 96±14 µg and 248±86 µg/10 
cm
2
. They were also considerably higher than the total biomass in the deep sea 
reported by Vanreusel et al. (1995) from 2.13 µg/10cm
2
  – 13.54 µg/10cm
2
 (8.52 - 
54.16 µg wwt/10cm
2
) and Vanreusel et al. (2000) from <1 µg/10cm
2
 to 48 
µg/10cm
2
. Nevertheless, our results are still low compared to a study from the 
Oosterschelde, an intertidal estuary by Smol et al. (1994) who showed nematode 






4.2. Is nematode morphometry and biomass distribution reflecting specific 
modes of life? 
There were strong relationships between nematode morphometry and other 
characteristics of the nematode communities representing specific modes of life in 
this study. Our results showed that nematode lengths were correlated with the genera 





relationship between average lengths on one hand and species richness and maturity 
index on the other was opposite, suggesting that smaller nematodes were more 
important in more genera rich communities with a lower maturity index. These 
smaller nematodes represented mainly the feeding types of non selective feeders 
(1A) while longer nematodes were more representing the 2B group of 
predators/omnivores. According to Bongers (1999) and Ferris and Bongers (2006), 
there is presumably a relation between body length and generation time. Those 
nematodes which have a bigger size have a longer generation and a higher cp value. 
Under stressed conditions, body size reduces and there is a shift towards 
opportunists. In the opposite case, when the average nematode lengths increase, they 
can lead to a higher maturity index and indicate the success of more persisting 
nematodes. The opposite trends that the two feeding types showed  with  length 
points to the fact  that nematodes that are feeding on deposits and bacteria (group 
1A)  have mostly shorter bodies and a more opportunistic behavior than nematodes 
that feed as predators or omnivores (group 2B) which are big and rather investing in 
growth than in reproduction. The correlation between length and genus richness only 
holds within the group of mouth stations, not along the estuary, and suggests that in 
case of a decrease in average length (and thus more opportunistic deposit feeders) 
there are more genera present. This sounds controversial since so called 
opportunistic species tend to dominate and therefore reduce the diversity. However 
in chapter 4 we already observed that the stations belonging to the silt A group (like 
station ECC1 and ETD1) showed the highest densities and diversity but not the 
highest maturity index due to the proliferation of different species of Monhysterida. 
Nematode widths had a strong correlation with the percentage of epistratum feeding 
nematodes. It seems that this feeding group including the dominant genus of 
Desmodora and less dominant genera such as Dichromadora, Neochromadora, 
Ptycholaimellus, Spilophorella, Paracanthonchus are characterized by large body 
widths.  
In addition, the L/W ratio’s followed the same trend as observed for the 
length and width separately. The correlations as found for the mouth stations are 
also present over the whole area but they are somehow different along the estuary 
ECC. The length and L/W ratio’s still correlated positive with the 
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predators/omnivores but there was also a negative correlation with the non-selective 
deposit feeders (1B), instead of the selective deposit feeders (1A). In this view, we 
can assume that the predators/omnivores tend to have slender or longer bodies while 
non-selective or selective deposit feeders tend to be shorter. This may be a special 
adaptation by developing in opposite ways to maintain the natural predator – prey 
interaction. The predators have longer bodies to move faster and to prey better on 
smaller nematodes. According to Soetaert et al. (2002), the longer and more mobile 
nematodes penetrate much deeper into the sediment than their plump and 
presumably rather immobile relatives. The vulnerability of individuals to a predator 
attack is often inversely related to the size of the animals (Peters 1983, Soetaert et al 
2002). In addition, Soetaert et al (2002) also mentioned that predators must have a 
larger mouth cavity to swallow a fat nematode compared to a thin nematode and 
therefore prey nematodes with thicker bodies will survive better because when 
predators attack the head, tail or from the side, thick nematodes may not break as 
easily as very thin ones. 
However, our results were contrasting with the study of Tita et al. (1999) 
on three intertidal assemblages of St Lawrence Estuary, Quebec, Canada. The 
authors found nematode morphotypes (body width/body length ratio = w/l ratio) 
associated with feeding groups. Small W/L ratios mean high L/W ratio was typical 
for microvores, while greater W/L ratios were typical for epigrowth feeders and 
predators. 
The nematode individual and total biomass did not have any correlation 
with feeding types but they both had a positive relationship with total densities. This 
kind of relationships is enforcing each other since nematodes become bigger when 
densities increase. The correlation between length and L/W ratio with the maturity 
index and species richness was not significant along the estuary, in contrast to the 
mouth stations. It seems that the correlations between nematode community 
characteristics were different between mouth stations and along the estuary ECC, 
likely because different environmental gradients were present in both groups, 






4.3. Are there shifts in nematode morphometry associated with specific 
environmental conditions? 
The nematode morphometry and biomass in the Mekong estuaries were 
correlated with many environmental factors over the whole study area and the mouth 
stations separately. Our results showed that nematode lengths and L/W ratio’s have a 




 concentrations in 
the sediment. The nematode lengths further showed a positive correlation with 
percentage of sand and a negative correlation with silt. Also Heip et al. (1985) and 
Soetaert et al. (2009) both mentioned that nematode lengths were affected by grain 
size, with longer nematodes associated with coarser grain size. This also explains 
why nematode lengths at the mouth stations are larger than at stations along the 
estuary ECC. It is also supported by Warwick (1971) who showed that nematodes in 
muddy habitats have small sizes with short setae but in the sandy habitats they are 
longer often represented by large predators and epistratum feeders. 
Chlorophyll a and total pigment concentration showed a negative 
correlation with lengths and L/W ratio’s. This can be easy understood when we link 
this with the increase in small, occasionally stout deposit feeders (when averaged 
length or L/W ratio’s decreases), since they mainly feed on detritus or fresh micro-
algae. The L/W was further strongly positive correlated with TDS and to a lesser 
extent with nitrite + nitrate, and ammonium concentrations. This means that 
nematodes become thinner and/or longer when those environmental factors increase. 
Factors such as TDS, nitrite, nitrate and ammonium were all considered as 
disadvantageous for aquatic animals. A number of studies have indicated that the 
various aquatic species' reactions range from intolerance to outright toxicity when 
TDS increase. However, most aquatic ecosystems involving mixed fish fauna can 
tolerate TDS levels of 1000 mg/l (Boyd, 1999, Masters and Ela, 2007). High nitrite, 
nitrate, and ammonium concentrations were also found to have a negative effect on 
aquatic invertebrates and other animals (Beketov, 2004; Camargo et al., 2005; Tilak 
et al., 2007). When these chemical substrates increase in the water and sediment 
they may generate stress full conditions for nematodes. Why being longer gives 
advantages in these conditions remains however unclear. 
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The nematode widths have a strong positive correlation with coliform 
concentrations. Nematodes have stouter bodies when coliform concentrations 
increase. They also showed negative correlation with nitrite. Although nitrite is 
present as a transition phase in the water and sediment but there are some 
disadvantage effects of nitrite to aquatic animals (Margiocco et al., 1983; Jensen, 
2003). A research of Tita et al (1999) found that silt-clay proportions were also an 
influential factor in determining the mean nematode body width.  
Moreover, nematode widths were also negative correlated with dissolved 
oxygen. Nematodes had been reported to inhabit in muds apparently devoid of 
oxygen (Atkinson, 1973) but in this case they seem to have thinner bodies in the 
condition of high oxygen. Rogers (1962) and Atkinson (1973) mentioned that the 
major factors influencing the nematode's ability to obtain oxygen by diffusion are 
the environmental oxygen tension and its body size - especially its body radius. 
Jensen (1987) who studied sandy bottoms in the northern part of Oresund, Denmark 
noted that thiobiotic (deeper living) species are significant slender than oxybiotic 
species.  
Individual biomass and total biomass both showed a negative correlation 
with dissolved oxygen. It seems that nematodes are well adapted to conditions of 
low oxygen. Atkinson (1973) performed an experiment with 2 species Enoplus 
brevis and Enoplus communis and found clearly that the rate of oxygen consumption 
all of those nematodes were influenced by oxygen tension. Nematodes with a higher 
dry weight require lower oxygen consumptions since the oxygen consumption per 
unit weight decreases with increasing body size. Moreover, total biomass showed a 
negative correlation with percentage of sand. Total biomasses of nematodes increase 
when percentage of sand decreases or increase silt in the sediment. This was 
contrary to individual biomass that increase when sand increase due to large size. 
This can be explained by high densities of nematode communities in the silty 
sediment. These observations were in contrast with the results of Tita et al (1999) on 
three intertidal nematode assemblages in the St. Lawrence estuary, Canada where 
the authors found that the mean nematode individual biomass in sandy sediments 







Nematode morphometry in the Mekong estuaries was characterized by 
medium sizes in both length and width compared to other studies. The individual 
biomass was lower in general but total biomass was relatively high. Over the whole 
area and especially along the mouth stations, nematodes were especially longer in 
sandy substrates where chlorophyll concentrations were low. This was explained by 
the increase in predators and the decrease in small opportunistic deposit feeders. 
When the silt fraction, together with the pigment concentrations, increased the 
number and abundance of small opportunistic genera increases resulting in a lower 
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This is the first investigation on meiobenthos with a focus on nematode 
communities in the Mekong estuarine system, South Vietnam. This work contributes 
to science with new information on the ecology of meiobenthos and nematodes in a 
large estuarine system of the longest great River in South East Asia belonging to the 
top ten of largest rivers in the world. Being a large natural ecosystem, the Mekong 
estuarine system is very sensitive and at the same time seriously impacted at 
particular locations. This estuarine system plays a lot of important roles in the 
economical development of the region but also serves as the habitat for a variety of 
specialized fauna and flora.  
The studies deal with different aspects of meiobenthic fauna and nematode 
communities sampled from the freshwater area along the salinity gradient towards 
the mouth of the 8 Mekong estuaries. In this chapter we synthesize the results from 
this study and identify its general importance. 
 
1. The meiobenthic fauna in the Mekong estuarine system. 
The composition of the meiobenthos in the Mekong estuaries was 
represented by 22 taxa in total from both seasons. In the wet season, the sampling 
stations were only collected at the mouth stations where 13 taxa of meiobenthos 
were found in this mainly marine habitat. In the dry season, 21 taxa of meiobenthos 
were found along the 8 estuaries from the mouth stations towards 30 or 50 km 
inland, where salinity water encounters freshwater. Therefore, the composition of 
meiobenthos in this season included some freshwater taxa such as aquatic insect 
larvae as Diptera, Coleoptera and Trichoptera. Some other taxa were also not found 
at the mouth stations in the rainy season such as Isopoda, Sycarida, Acarida, 
Kinorhyncha, Decapoda, Tanaidacea. In all stations and seasons, nematodes always 
have the highest percentage in the meiobenthos communities. In the wet season, the 
percentage of nematodes ranged from 64% - 99%. In the dry season, nematodes 
represented 40 to 98% of the total meiofauna community.  
Densities of meiobenthos in the Mekong estuaries were found to be quite 
high with values from 581 – 3168 ind./10cm
2
 in the wet season and from 105 – 3678 
ind./10cm
2 
in the dry season. A comparison between Mekong estuaries with other 
estuarine systems or brackish habitats was performed in chapter 2 and chapter 3 and 
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showed that meiobenthic fauna assemblages in the Mekong estuaries were 
characterized by a high diversity, high densities and high dominance of nematodes 
in all stations. However, this study was done in the intertidal habitat hence the 
comparison was more focussed on intertidal studies, whereas the others habitats 
such as subtidal estuaries, brackish lagoons, mangrove or salt marshes were also 
used supplementary to fully understand the distribution patterns in the whole 
brackish ecosystem. Meiobenthos can survive over a wide salinity range (Ingole and 
Parulekar, 1988; Giere, 2009) so comparison of all brackish meiobenthic animals 
should be included. 
Concerning the specific environmental conditions of the Mekong estuarine 
system, the composition of meiobenthic communities were considered being 
influenced by grain size, dissolved oxygen, coliform densities and ammonium 
concentration in the sediment. Especially, the diversity of meiobenthos was found to 
become lower when chlorophyll a increase while their densities increased. In this 
estuarine system, chlorophyll a seems to have closer relationship with the 
composition of the meiobenthos than any other measured variable including 
sediment and salinity in contrast to other studies (Soetaert et al., 1995; Coull, 1999; 
Giere, 2009). However food was rarely considered to be a limiting factor for 
meiobenthic life in brackish silty sediment habitats because of their typical rich 
content of organic matter (Giere, 2009) but chlorophyll a seems highly influencial to 
densities and diversity of meiobenthic animals in this estuarine system.  
 
2. The nematode communities in the Mekong estuarine system. 
2.1. The composition, densities, biodiversity and biomass of nematode 
communities in the Mekong estuaries. 
Although estuarine habitats generally have a more limited number of 
species than marine and freshwater habitats (Remane, 1933; Gerlach, 1953, 1954; 
Heip et al., 1985) the nematode communities in the Mekong estuaries showed a high 
diversity, associated with densities and also a high total biomass. These characters of 
the nematode communities from this estuarine system were described in detail for 
both tropical seasons. In total, there were 244 genera, 59 families, 11 orders of 2 





estuarine system. The composition of nematode communities was a mix between 
marine and freshwater taxa. In addition, the turnover analysis (chapter 2) indicated 
that the nematode diversities still can be higher since a test based on  picking 200 
nematode specimens per sample, three replicates per station and 8 stations in total 
from similar habitats (mouth stations) in this area  may still not be enough to 
identify the full set of species present in this area. Our results showed that the 
nematode diversity in the Mekong estuaries was quite high compared with other 
estuarine nematode communities in the world (Van Damme et al., 1980, Alongi, 
1987; Soetaert et al., 1995; Barnes et al., 2008; Adão et al., 2009) but they were in 
the range of some other regional studies (Ngo et al., 2007, Pavlyuk et al., 2008).  
 
As mentioned for meiofauna, densities of the nematode communities in the 
Mekong estuarine system were relatively high compared to some other studies over 
the world such as in the Blyth estuary (Capstick, 1959), the Hunter estuarine river 
(Hodda and Nicholas, 1985), and the Clyde estuary (Nicholas and Steward, 1993). 
They were also found occasionally higher than in the Scheldt estuary and the Tagus 
estuary (Soetaert et al., 1995) but they are in the same range of the Thames river 
estuary (Ferrero et al., 2008) and lower than the occasionally very high densities in 
the Somme (Soetaert et al., 1995).  
 
The nematodes in the Mekong estuarine system have an average length and 
width in the same range as found in previous studies (Schratzberger et al., 2007, 
Soetaert et al., 2009). The nematode lengths were significantly higher at the mouth 
stations compared with nematodes along the estuary ECC. Our results also indicated 
that the nematode shapes show a relationship with the feeding types with big and 
long nematodes usually being predators. These nematodes also have in general high 
cp values, in contrast to the thin and small nematodes which usually are deposit 
feeding nematodes and often have a low cp value. Moreover, the nematode 
individual biomass in this region is comparable with the nematode biomass found in 
other similar places (Smol et al., 1994, Soetaert et al., 2002, Boufahja et al., 2007, 
Soetaert et al., 2009). However, their total biomass values were quite high (Dye and 
Furstenberg, 1978, Van Damme et al., 1980, Vanreusel et al., 1995, Vanreusel et al., 
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2000, Tita et al., 2002) but much lower than those observed in the study of Smol et 
al. (1994).  
 
2.2. The nematode communities in relationship with estuarine environmental 
conditions. Why is sediment more closely related with nematode community 
composition than salinity? 
The nematode distribution and community structure in the Mekong 
estuarine region were found to be influenced by water and sediment factors. Despite 
the presence of a typical estuarine habitat, the results of our studies were different 
from several other estuarine studies (Alongi, 1987; Soetaert et al., 1995; Montagna 
et al., 2002; Kapusta et al., 2006a,b; Adao et al., 2009), since in the Mekong 
estuaries there was not clear correlation between the salinity gradient nematode 
community characteristics. The salinity intrusion is affected by the topography and 
tidal scheme due to the flat delta with multiple channels (Nguyen et al., 2006). In 
this way up to deep in the estuary but also at the mouth large temporal fluctuations 
in salinity are observed over a tidal cycle but also varying with the season. So, 
depending on the time of the sampling salinity measurements could be much lower 
in the sampling stations near the mouth than deep in the estuary and vice versa. 
Instead of a strong dependence on salinity in this estuarine habitat, the 
nematode communities were strongly correlated with grain size, dissolved oxygen, 
coliform and chlorophyll a concentration. Especially, grain size, dissolved oxygen 
and chlorophyll a could be linked to the presence of two to four different nematode 
communities each with different characters (further information in chapter 4) which 
we identified based on the dominant genera used as a major representative for the 
groups. The group of Desmodora communities and the group of Oncholaimellus - 
Desmodora communities were mainly found in sandy sediments; the group 
Parodontophora - monhysterid and Parodontophora communities were found in 
silty sand habitats. This association of specific nematode communities as identified 
based on the dominant genera was further also related to the feeding ecology (see 
more in chapter 4).  
According to Wieser (1953, 1959), deposit feeders are usually found in 





addition, the group of Oncholaimellus - Desmodora communities dominated by 
carnivores, omnivores and epistrate feeders often occupy coarse sand, with a low 
organic content. The ecology of nematode feeding types was further investigated 
and adapted by Traunspurger (1997), Moens and Vincx (1997), and Moens et al. 
(2000, 2004, 2006). The nematode feeding activity is affected by a variety of 
environmental factors, especially substrate characteristics such as sediment texture 
and pore size may affect the activity of both consumers and resources (Moens et al., 
2006) 
This study also gave an insight on the link between nematode size and 
shape with other specific modes of life, or ecological interactions in terms of feeding 
types, densities and diversity of nematode communities as well as environmental 
factors. The nematodes with long bodies occupy a higher proportion in sandy 
stations where chlorophyll a concentration is rather low than in silty sediments with 
high chlorophyll a concentration. It also seems that mainly predators/carnivorous are 
better represented in sandy sediments whereas silty sediments are better suited for 
deposit feeders. The percentage of silt in the sediment increases together with the 
chlorophyll a concentration in association with high proportions of short and small 
deposit feeding nematodes which showed in general a low maturity index. The 
ecology of nematode communities in the Mekong estuarine system can be therefore 
partly summarized as shown in figure 1. 
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Figure 1. The ecological landscape of nematode communities associates with 
sediment features in the Mekong estuarine system.   
 
2.3. Why is there no common seasonal trend in the Mekong estuarine nematode 
communities? 
A comparison was made for most of the measured features of nematode 
communities between dry season and wet season in chapter 5. The comparison of 
characteristics of the nematode communities such as trophic composition and age 
structure between the 2 seasons at 8 mouth stations of the Mekong estuarine system 
showed that the variation only occurred in limited stations, there were no differences 
in densities between seasons. The biodiversity calculated in the Shannon – Wiener 
index showed slightly higher values in the dry season. In general the structure at a 
spatial scale was larger than at a seasonal scale. The high spatial variation was 
explained by sediment features as they mainly controlled the nematode 
communities.  
Despite there is no similar comparison between dry and wet season 
available but according to the review of Heip et al., (1985) based on studies from 
intertidal estuaries worldwide (Tietjen, 1969; Skoolmun and Gerlach, 1971; 





confirmed  that nematodes’ life cycle differs for  different species. New generations 
with juveniles can be seen during the whole year for many species, pointing to a 
continuous reproduction. 
According to Tietjen (1969) and Hourston et al. (2009), the temporal 
nematode densities changes were mostly likely explained by temperature and food. 
Nematodes belonging to different feeding types have a correlation with specific food 
items. Since the nematode communities were not significantly different in densities 
as well as feeding structure between seasons, it means that the availability of 
specific food items for these feeding types were not changed between the dry and 
wet season. That is possibly why there is no common seasonal tendency of 
nematode communities in the Mekong estuarine system.  
 
2.4. Are nematodes useful as bioindicator in monitoring the Mekong estuarine 
system? 
According to Ritz et al. (2009), there are among 183 bioindicator 
candidates in soil, and also nematodes were found as a powerful bioindicator for 
environmental monitoring. Due to the advantages by the ecological characteristics of 
nematode such as being ubiquitous, sensitive, having a high abundance and high 
biodiversity in the estuarine system, the nematode communities in the Mekong 
estuarine system can play a very important role in order to reflect the ecological 
conditions. In this study the nematode communities were intensively investigated in 
terms of community structure and distribution, morphometry and biomass in 
relationship with the environmental conditions of this area. In that respect this study 
can provide a baseline for future community changes in relation to changing 
environmental conditions. 
In the estuarine ecosystem, chemical substrates get into the water and sink 
down, mixing with bottom sediment where they become a pollutant in the benthic 
food chain which also effects higher trophic levels. Contrary to chemical factors 
which are changing very fast in nature, the biological impact can prolong the 
disturbance effect of pollutants on ecosystem functions. Nematodes are the most 
dominant taxon of the benthic metazoans. They usually live closely associated with 
sediment conditions where their permeable cuticles provide direct contact with their 
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microenvironment so they respond rapidly to the disturbance. Moreover, nematodes 
can’t migrate fast under stress conditions (Bongers and Ferris, 1999) so their 
community’s features can provide us an indication of the environmental quality 
based on analyzing together the environmental variables and nematodes 
communities.  
In this research, univariate and multivariate analysis were applied and it 
was found that nematodes’ characters and communities structure expressed to a 
great extent the ecological conditions in the Mekong estuarine area. The univariates 
included densities and biodiversity indices. The maturity index based on cp values 
also represented to some extent information about environmental conditions. We 
also suggest using the trophic structure based on nematode feeding types since they 
reflected ecological features such as nematode biomass, size and shape. Beside 
univariate measures, the multivariates analysis will provide a maximum on 
information. 
Moreover, since the seasonal variation in nematodes’ communities in the 
Mekong estuarine area is rather low, it supports the idea of using them as 
bioindicator for environmental monitoring.  
Other advantages of using nematode as a tool for environmental monitoring 
in the Mekong delta is that they are very easily sampled and sorted. This tool is not 
only suitable, it is also a feasible strategy in a developing country such as Vietnam. 
Therefore, the nematode identification to genus (or family level) as a tool can be 
feasibly learned to environmental officers in local provinces in the region. The 
nematode monitoring can also provide a tool for the Mekong River Committee to 
establish an environmental monitoring program which helps the regional sustainable 
development in relation to the intensive aquaculture and agricultural activities.  
Therefore, we conclude that nematodes can be used as a bioindicator which 
provide a powerful tool in environmental monitoring program in the Mekong 
estuaries. It can be suggested as the NEMA – TOOL in the environmental 
monitoring system for both national program and international program of The 







3. Future perspectives 
This work is the first comprehensive study dealing with meiobenthos and 
nematode communities in the Mekong estuarine system. The methodology and 
approach in this work was traditional but provided important ecological information 
on nematodes at the community level. This work generated a momentum to 
strengthen our researches going further into the ecology of free living marine 
nematodes in this area. 
There are still many studies needed on meiofauna and nematode 
communities in the Mekong river system in order to understand fully their 
distribution and ecology. Due to the fact that this vulnerable delta in Vietnam is 
going to be affected by climate change (Vietnam ranks among the top five most 
impacted countries in the world, UNDP (2012)), by seawater level and by the 
increase in accumulation of anthropogenic disturbance, the Mekong delta is facing 
many risks of serious impacts. It suffers directly from economic activities from the 
Mekong Delta region where many transportation, seaport activities, irrigation dam 
construction, aquaculture as well as sea – production manufactories are taken place. 
Therefore, this area requires more scientific attention to have suitable mitigation 
solutions.     
Nematodes were suggested as a useful tool for environmental monitoring in 
this area but we would think that nematology can be applied further. Beside 
morphological techniques, also  molecular approaches provide  a modern tool and in 
the future probably more rapid assessment method to understand better the ability of 
nematodes to serve as ecological bioindicator (Derycke et al., 2007; Danovaro et al., 
2009), from genetic to species, genus, family or community level since they respond 
to polluted factors in the Mekong delta such as heavy metals, pesticides, oil, nutrient 
enrichment by causing  mutation in the genetic structures of nematodes.  
There is growing evidence that the South coast of Vietnam is contaminated 
by Tributyltin (TBT) (Midorikawa et al., 2004;  Nhan et al., 2005; Takaomi et al., 
2008). This toxic substrate is found in the adjacent area of Mekong estuaries where 
shipbuilding activities, dry docks, cargo harbours and other marine transport 
activities are concentrated. Tributyltin was found in high concentrations in the 
sediment (0.5 – 47 ng/g sediment) and also in clams (0,4-56 ng/g) (Takaomi et al., 
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2008). This kind of substrate mainly comes from marine economic activities as 
shipbuilding, fishing instruments and other marine economic activities. It was found 
that nematodes responded to the effect of tributyltin in experiments (Guven et al., 
1994; Austen and McEvoy, 1997; Schratzberger, 2001; Hoshi et al., 2003; Höss 
and Weltje, 2007). Hence, the application of nematodes and meiobenthos in toxicity 
experiments with tributyltin effects and their use as bioindicator for environmental 
monitoring in the South coast of Vietnam are potentially important for future 
nematode research.   
Other important approaches in the ecology of free living marine nematodes 
and their use as bioindicator for environmental monitoring are in relation to their 
feeding ecology and their role in the estuarine food web, since they are still not 
understood fully. The stable isotope techniques will be applied for further studies on 
this field. Therefore the study on nematode and meiobenthos communities in the 
Mekong estuarine system is promising to continue not only in the field but also in an 
experiment approach. Thanks to the advance of modern technology in biomarker 
studies and molecular research, the study on free living marine nematodes and 
meiobenthos should be continued in different directions. These researches will 
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Appendix 1. The environmental variables in sampling stations of 8 Mekong estuaries, dry season 2009 
(The Cua Tieu (ECT) and Cua Dai estuary (ECD)) 
 
Stations ECT.1 ECT.2 ECT.3 ECT.4 ECD.1 ECD.2 ECD.3 ECD.4 
Salinity (PSU) 23.6 28.4 9.9 0.3 32.1 18.9 12.6 0.4 
Temperature (oC) 31.6 29.3 29.2 29.9 31 29.9 29.8 29.9 
DO (mg/l) 9 7.3 6.7 6.3 5.4 4.2 6.7 4.5 
pH 8.6 8.1 7.61 7.6 8.3 7.7 7.5 7.75 
TDS(g/l) 22.1 1604 9.54 340 9 13.48 12.35 435 
Coliform(MPN/g) 170 790 170 140 24000 790 2400 68 
NO3
-+NO2
-(mg/l) 251.33 31.83 13.67 12.83 151.50 200.80 158.67 67.17 
NO2
-(mg/l) 6.33 1.33 5.50 5.33 3.67 31.20 18.67 7.33 
NH4
+(mg/l) 2749.50 1727.33 485.00 757.83 270.67 1995.80 989.33 282.83 
Chl.a (µg/g) 0.00 3.03 4.84 0.08 0.16 1.24 0.96 0.23 
Total pigment(µg/g) 0.00 6.33 10.04 0.61 0.19 4.16 3.01 1.31 
Clay(%) 0.00 19.18 17.71 11.42 0.00 8.94 18.13 18.41 
Silt(%) 0.00 76.02 73.42 63.22 0.00 48.33 73.03 74.94 
Sand(%) 100.00 4.80 8.87 25.36 100.00 42.72 8.84 6.65 





Appendix 1. The environmental variables in sampling stations of 8 Mekong estuaries, dry season 2009 (continued) 
(The Ba Lai (EBL) and Ham Luong estuary (EHL)) 
Stations EBL.1 EBL.2 EBL.4 EHL.1 EHL.2 EHL.3 EHL.4 
Salinity (PSU) 27.6 22.9 1 36.2 6.5 11.9 2.7 
Temperature (oC) 31.3 29.3 30.1 33.2 29.5 29.4 29.7 
DO (mg/l) 6.4 7.2 5.3 7.1 5.8 5.7 3.5 
pH 8.62 7.51 7.6 8.2 7.5 7.5 7.57 
TDS(g/l) 23.6 25.5 871 34.3 6.31 1133 1531 
Coliform(MPN/g) - - 110 93 270 260 35000 
NO3
-+NO2
-(mg/l) 206.76 18.17 120.83 48.79 4.67 13.61 44.50 
NO2
-(mg/l) 7.69 12.83 15.33 10.14 3.50 6.33 7.50 
NH4
+(mg/l) 1134.44 2728.67 3041.83 325.14 357.67 1002.25 1138.50 
Chl.a (µg/g) 0.40 7.83 11.00 0.03 0.00 0.90 4.25 
Total pigment(µg/g) 0.54 11.34 13.19 0.05 0.63 2.44 5.01 
Clay(%) 0.00 19.25 19.57 0.00 14.00 16.85 17.18 
Silt(%) 0.02 75.55 75.42 0.00 71.03 74.06 61.93 
Sand(%) 99.98 5.20 5.01 100.00 14.97 9.09 20.89 
 
 




Appendix 1. The environmental variables in sampling stations of 8 Mekong estuaries, dry season 2009 (continued) 
(The Co Chien (ECC) and Cung Hau estuary (ECH)) 
Stations ECC.1 ECC.2 ECC.3 ECC.4 ECH.1 ECH.2 ECH.3 ECH.4 
Salinity (PSU) 18.1 27.6 18 7.7 9.2 21.2 15 11.5 
Temperature (oC) 30.6 31.5 30.3 30.6 34.7 35.1 31 30.6 
DO (mg/l) 5.9 6.4 6.1 5.6 6.8 7.16 7.4 5.43 
Ph 8.12 8.21 7.7 7.2 8.2 8.2 6.1 6.7 
TDS(g/l) 8.2 26.5 17.91 7.33 42.8 33.8 15 11.21 
Coliform(MPN/g) 330 - 270 340 45 220 24000 9200 
NO3
-+NO2
-(mg/l) 47.20 39.83 3.00 6.00 626.00 80.67 41.17 60.29 
NO2
-(mg/l) 5.00 7.00 2.83 4.33 8.17 4.17 4.00 3.33 
NH4
+(mg/l) 1402.80 497.67 1142.50 3192.67 9314.17 130.17 1456.00 456.86 
Chl. a (µg/g) 6.61 0.24 3.89 9.37 0.31 0.06 0.38 0.08 
Total pigment(µg/g) 7.74 0.38 9.00 22.90 0.38 0.06 1.32 0.91 
Clay(%) 2.38 0.37 13.98 15.66 0.19 0.00 18.69 13.99 
Silt(%) 17.86 2.17 73.90 75.99 0.71 0.00 76.40 56.04 
Sand(%) 79.76 97.47 12.13 8.35 99.10 100.00 4.91 29.97 
 





Appendix 1. The environmental variables in sampling stations of 8 Mekong estuaries, dry season 2009 (continued) 
(The Dinh An (EDA) and Tran De estuary (ETD)) 
Stations EDA.1 EDA.2 EDA.3 EDA.4 ETD.1 ETD.2 ETD.3 ETD.4 
Salinity (PSU) 30 19.2 10.1 11 30 20 10.7 1.5 
Temperature (oC) 35.1 30.6 30.1 30.6 29.8 30.7 
 
30.9 
DO (mg/l) 6.7 7.4 5.4 6.2 5.7 6.1 6.8 5.9 
pH 8.51 8.21 7.6 7.61 7.4 7.52 7.72 7.33 
TDS(g/l) 40 19.37 7.03 1084 35.8 13.72 10.26 1480 
Coliform(MPN/g) - 270 220 35000 270 680 170 170 
NO3
-+NO2
-(mg/l) 99.60 62.00 19.83 10.00 148.50 32.83 14.17 18.17 
NO2
-(mg/l) 4.80 18.00 4.17 2.33 10.67 16.17 3.17 8.00 
NH4
+(mg/l) 1466.20 713.17 2272.67 314.67 591.83 1703.67 431.00 874.67 
Chl.a(µg/g) 0.22 2.75 0.28 0.05 1.73 2.94 3.70 14.31 
Total pigment(µg/g) 0.33 5.23 0.41 0.67 3.67 7.51 6.89 28.19 
Clay(%) 0.00 13.14 6.71 18.97 21.03 19.89 15.67 15.35 
Silt(%) 0.00 66.34 37.05 73.52 76.12 74.91 76.82 70.80 
Sand(%) 100.00 20.52 56.25 7.52 2.86 5.20 7.51 13.85 
 
 




Appendix 2. The meiobenthos in the 5 Mekong in the dry season 2009 
(Cua Tieu estuary - ECC) 
 
Sampling station 
ECT.1 ECT.2 ECT.3 ECT.4 
ECT1.1 ECT1.2 ECT1.3 ECT2.1 ECT2.2 ECT2.3 ECT3.1 ECT3.2 ECT3.3 ECT4.1 ECT4.2 ECT4.3 
Nematoda 222 220 179 4210 2527 2320 2474 2630 2625 46 99 122 
Copepoda 2 4 0 10 11 3 5 16 2 4 1 9 
Turbelaria 40 70 27 126 130 53 42 5 6 1 0 1 
Polychaeta 14 2 0 10 4 1 0 0 1 0 0 0 
Oligochaeta 295 216 160 68 81 44 79 148 133 4 2 0 
Tardigrada 5 2 0 0 0 0 0 0 0 0 0 0 
Bivalvia 0 0 10 10 1 2 1 3 5 1 0 0 
Ostracoda 2 4 2 1 1 0 11 27 9 1 1 0 
Amphipoda 16 6 6 0 0 0 0 2 1 2 0 3 
Cumacea 0 0 0 0 0 0 0 0 0 0 0 0 
Isopoda 0 0 0 0 0 0 0 0 0 0 0 1 
Gastropoda 0 0 0 0 0 1 1 1 0 0 0 0 
Diptera 0 0 0 0 7 0 3 0 0 0 0 0 
Coleoptera 0 0 0 0 0 0 0 0 0 0 0 0 
Trichoptera 0 0 0 0 0 0 0 0 0 0 0 0 
Sycarida 0 0 0 0 0 0 0 0 0 0 0 0 
Acarida 0 0 0 0 0 0 0 0 0 0 0 0 
Kinorhyncha 0 0 0 0 0 0 0 0 0 0 0 0 
Decapoda 0 0 0 0 0 0 0 0 0 0 0 0 
Tanaidacea 0 0 0 0 0 0 0 0 0 0 0 0 
Nauplii 1 0  0  1 16  0  3 3 1 3 1 2 
 






Appendix 2. The meiobenthos in the 5 Mekong in the dry season 2009 (continued) 
(Cua Dai estuary - ECD) 
 
Sampling station 
ECD.1 ECD.2 ECD.3 ECD.4 
ECD1.1 ECD1.2 ECD1.3 ECD2.1 ECD2.2 ECD2.3 ECD3.1 ECD3.2 ECD3.3 ECD4.1 ECD4.2 ECD4.3 
Nematode 1359 1548 1186 1965 1454 1592 1219 1281 1418 1303 804 813 
Copepoda 4 10 2 10 3 6 4 11 6 5 3 3 
Turbelaria 37 29 44 24 29 48 11 11 16 4 5 2 
Polychaeta 2 0 0 1 0 1 1 1 0 0 0 1 
Oligochaeta 2 3 1 20 42 40 16 17 12 1 9 5 
Tardigrada 3 2 3 0 1 1 1 0 0 0 0 0 
Bivalvia 0 0 0 17 0 0 0 0 0 0 0 0 
Ostracoda 0 0 0 38 15 108 1 2 0 5 0 2 
Amphipoda 1 0 0 8 1 2 0 0 0 1 2 0 
Cumacea 0 0 0 0 0 0 0 0 0 0 0 0 
Isopoda 0 0 0 0 0 0 0 0 0 0 0 0 
Gastropoda 0 0 1 0 0 0 1 2 3 0 0 0 
Diptera 0 1 0 1 0 0 0 0 0 0 0 1 
Coleoptera 0 0 0 0 0 0 0 0 0 0 0 0 
Trichoptera 0 0 0 0 0 0 0 0 0 0 0 0 
Sycarida 5 2 4 0 0 0 0 0 0 0 0 0 
Acarida 0 0 0 0 1 0 0 0 0 0 0 0 
Kinorhyncha 0 0 0 0 0 0 0 0 0 5 0 0 
Decapoda 0 0 0 0 0 0 0 0 0 0 0 0 
Tanaidacea 0 0 0 0 0 0 0 0 0 0 0 0 
Nauplii 0  1 2 2 4 7 5 4 2  0 8 6 
 
 





Appendix 2. The meiobenthos in the 5 Mekong in the dry season 2009 (continued) 
(Ba Lai estuary - EBL) 
 
Sampling station 
EBL.1 EBL.2 EBL.3 
EBL1.1 EBL1.2 EBL1.3 EBL2.1 EBL2.2 EBL2.3 EBL3.1 EBL3.2 EBL3.3 
Nematode 1660 1839 2397 375 372 171 3597 3605 3575 
Copepoda 13 54 27 30 28 117 16 15 6 
Turbelaria 113 155 149 8 3 0 30 45 19 
Polychaeta 13 25 28 7 20 6 2 7 3 
Oligochaeta 2 15 18 0 1 0 6 8 3 
Tardigrada 56 74 128 0 0 0 0 0 0 
Bivalvia 1 3 2 16 17 10 2 3 0 
Ostracoda 2 1 0 0 0 0 0 0 0 
Amphipoda 5 8 1 1 0 0 0 0 0 
Cumacea 0 0 0 0 0 0 0 0 0 
Isopoda 0 0 0 0 0 0 0 0 0 
Gastropoda 0 0 0 0 0 0 0 0 0 
Diptera 0 0 0 0 0 0 1 1 0 
Coleoptera 0 0 0 0 0 0 0 0 0 
Trichoptera 0 0 0 0 2 0 0 0 0 
Sycarida 0 0 0 0 0 0 0 0 0 
Acarida 0 0 0 0 0 0 0 0 0 
Kinorhyncha 0 0 0 0 0 0 0 0 0 
Decapoda 0 0 0 0 0 0 0 0 0 
Tanaidacea 0 0 0 0 0 0 0 0 0 
Nauplii 6 6 8 3 1 10 29 4 3 
 




Appendix 2. The meiobenthos in the 5 Mekong in the dry season 2009 (continued) 
(Co Chien estuary - ECC) 
 
Sampling station 
ECC.1 ECC.2 ECC.3 ECC.4 
ECC1.1 ECC1.2 ECC1.3 ECC2.1 ECC2.2 ECC2.3 ECC3.1 ECC3.2 ECC3.3 ECC4.1 ECC4.2 ECC4.3 
Nematode 1138 827 1025 662 404 272 3892 3181 3009 1873 2285 2547 
Copepoda 63 22 38 4 6 0 54 9 49 16 6 4 
Turbelaria 34 12 12 4 1 1 3 0 2 18 4 26 
Polychaeta 3 2 1 1 0 0 1 3 1 1 2 4 
Oligochaeta 3 1 5 8 1 2 9 0 8 7 1 3 
Tardigrada 0 0 0 0 0 0 0 0 0 0 0 0 
Bivalvia 26 11 14 7 2 6 0 0 0 0 1 1 
Ostracoda 5 1 3 0 0 0 87 81 37 10 8 16 
Amphipoda 4 1 0 36 6 8 23 6 12 3 7 0 
Cumacea 1 0 0 0 0 0 0 0 0 0 0 0 
Isopoda 0 0 0 0 2 2 1 0 0 0 0 0 
Gastropoda 1 0 1 2 0 0 0 0 0 1 0 0 
Diptera 0 0 0 0 0 0 0 0 2 0 2 1 
Coleoptera 1 2 0 0 0 0 0 0 0 0 0 0 
Trichoptera 0 0 0 0 0 0 0 0 0 0 0 0 
Sycarida 0 0 0 0 0 0 0 0 0 0 0 0 
Acarida 0 0 0 0 1 0 0 1 0 0 0 0 
Kinorhyncha 0 0 0 0 0 0 0 0 0 1 0 1 
Decapoda 0 0 0 0 0 0 0 0 0 2 0 0 
Tanaidacea 0 0 0 0 0 0 0 0 0 0 0 0 









Appendix 2. The meiobenthos in the 5 Mekong in the dry season 2009 (continued) 
(Dinh An estuary - EDA) 
 
Sampling station 
EDA.1 EDA.2 EDA.3 EDA.4 
EDA1.1 EDA1.2 EDA1.3 EDA2.1 EDA2.2 EDA2.3 EDA3.1 EDA3.2 EDA3.3 EDA4.1 EDA4.2 EDA4.3 
Nematode 1202 1601 1312 2773 3714 2050 1009 1923 1458 150 107 71 
Copepoda 159 85 98 3 0 11 115 167 45 5 2 9 
Turbelaria 0 0 0 5 37 10 6 1 1 16 6 21 
Polychaeta 0 1 3 3 2 1 0 0 0 1 0 0 
Oligochaeta 1 0 0 1 3 2 0 1 2 0 0 6 
Tardigrada 0 1 0 0 0 0 0 0 0 0 0 0 
Bivalvia 0 0 0 0 1 2 1 0 5 1 2 0 
Ostracoda 0 0 0 40 158 109 4 3 2 0 0 0 
Amphipoda 0 0 0 1 2 0 0 0 0 2 2 0 
Cumacea 0 0 0 0 0 0 0 0 0 0 0 0 
Isopoda 0 0 0 0 0 0 0 0 0 0 0 0 
Gastropoda 0 0 0 0 0 1 0 0 0 0 0 0 
Diptera 0 0 0 0 0 0 0 0 0 1 1 0 
Coleoptera 0 0 0 0 0 0 0 0 0 0 0 0 
Trichoptera 0 0 0 0 0 0 0 0 0 0 0 0 
Sycarida 0 0 0 0 0 0 0 0 0 0 0 0 
Acarida 0 0 0 0 1 0 0 0 0 0 0 0 
Kinorhyncha 1 0 0 0 0 0 0 0 0 0 0 0 
Decapoda 0 0 0 0 0 0 0 0 0 0 0 0 
Tanaidacea 0 0 0 19 1 1 0 0 0 0 0 0 
Nauplii 0 0 0 0 0 1 52 45 56 5 3 4 




Appendix 3. The composition of meiobenthos in Mekong estuaries recorded at 
the mouth stations in the wet season 2008 and along 8 estuaries in the dry 
season 2009 
No. Meiobenthos taxa 
Seasons 
Wet season  Dry season 
1 Nematode * * 
2 Copepoda * * 
3 Turbelaria * * 
4 Polychaeta * * 
5 Oligochaeta * * 
6 Tardigrada * * 
8 Bivalvia * * 
9 Ostracoda * * 
10 Amphipoda * * 




13 Gastropoda * * 
14 Gastrotricha * 
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Appendix 4. Composition and densities of free living marine nematodes from 8 Mekong estuaries in the wet season 
Genera 
ECT1.1 ECD1.1 EBL1.1 EHL1.1 ECC1.1 ECH1.1 EDA1.1 ETD1.1 
1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 
Aegialoalaimus 3 14 0 0 0 0 0 0 0 0 0 0 51 43 31 0 0 0 5 4 0 100 79 68 
Adoncholaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 23 
Ammotheristus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
Amphimonhystrella 11 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 6 0 0 0 0 0 0 0 
Anoplostoma 11 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 100 0 23 
Antomicron 0 0 0 0 0 0 0 12 0 0 0 0 0 0 9 0 0 0 0 0 0 0 20 45 
Astomonema 0 0 0 0 0 0 0 0 21 0 0 0 4 0 0 4 0 0 0 0 0 0 0 0 
Axonolaimus 5 0 5 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Bathyeurystomina 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Bathylaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 7 27 26 0 0 0 
Belbolla 0 0 0 0 0 0 0 0 0 0 0 0 4 3 0 0 0 0 0 0 0 0 0 0 
Benthimermis 0 5 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Bolbolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 20 0 0 
Campylaimus 3 0 0 0 0 0 0 12 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 
Ceramonema 0 0 0 0 11 0 39 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cheironchhus 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Chromadorella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 
Chromadorina 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 8 0 0 0 0 
Chromaspirina 0 0 0 0 0 0 13 0 0 0 0 0 0 0 0 12 0 0 2 0 0 0 0 0 
Cobbia 0 0 0 0 0 0 0 0 0 0 0 0 12 0 0 0 0 0 0 0 0 0 0 0 
Comesa 5 0 0 0 0 0 0 36 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Comesoma 0 0 5 0 0 0 90 24 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cyartonema 0 0 0 0 0 0 0 24 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 23 
Dagda 0 0 0 0 0 0 13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Daptonema 22 83 128 37 213 49 13 12 21 14 31 29 32 25 40 131 31 19 34 47 21 0 20 45 
Dasynemoides 0 0 0 0 0 0 13 0 10 0 0 0 0 0 0 4 0 0 9 0 0 0 0 0 
Desmocolex 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 45 
Desmodora 5 88 52 1406 1257 2122 1272 862 1343 24 4 24 0 12 40 4 70 32 18 35 21 40 40 45 
Dichromadora 0 0 0 0 0 0 39 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 
Diodontolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 
Diplolaimella 0 0 0 0 0 0 0 0 0 0 0 0 4 3 0 0 0 0 0 0 0 0 20 0 
Diplopeltoides 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 
Disconema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 23 
Dolicholaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 80 0 0 




Doliolaimus 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 4 0 0 0 0 0 0 0 0 
Dorylaimopsis 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Elzalia 112 5 19 0 0 0 13 12 21 0 0 0 0 3 4 0 0 0 0 0 0 20 0 158 
Eumorpholaimus 8 134 104 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Eurystomina 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Gammanema 0 5 14 0 0 12 39 73 10 0 9 18 0 0 0 0 0 0 0 0 3 0 0 0 
Gammarinema 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 
Gerlachius 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 
Gonionchus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 
Halalaimus 30 19 43 25 0 0 0 24 21 0 0 0 55 43 40 0 0 0 0 0 3 580 494 428 
Halichoanolaimus 0 0 0 0 0 0 0 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Haliplectus 0 0 0 0 0 0 0 0 0 0 0 0 4 9 4 0 0 0 2 0 0 260 40 248 
Hopperia 11 14 0 0 0 0 0 24 10 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 
Hypodontolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 60 0 0 
Karkinochromadora 0 0 0 0 0 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Latronema 0 0 0 0 11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Lauratonema 0 9 0 0 0 0 0 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Leptolaimoides 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 180 257 158 
Leptolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 840 949 766 
Linhomoeus 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
Linhystera 5 0 0 0 0 0 0 0 10 0 0 0 0 3 0 0 0 0 0 0 0 0 0 23 
Litinium 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 23 
Marylynia 0 0 0 0 0 0 0 24 0 0 49 12 0 0 0 0 0 1 0 0 0 0 0 0 
Metachromadora 0 0 0 0 0 12 0 0 0 0 0 0 0 0 0 119 0 0 0 0 0 0 0 0 
Metacomesoma 0 0 0 0 0 0 26 61 21 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Metacyatholaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 60 0 0 
Metadasynemoides 0 0 0 0 0 0 13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Metadasynemella 0 0 0 0 0 0 13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Metadesmolaimus 0 0 0 0 0 0 0 0 0 3 9 0 0 0 0 0 0 0 0 0 3 0 0 0 
Metalinhomoeus 3 9 9 0 34 0 0 0 10 0 0 0 12 0 0 0 2 0 0 0 0 20 0 45 
Metasphaerolaimus 0 42 38 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Metoncholaimus 3 0 0 0 0 0 0 0 0 0 0 6 0 0 0 4 0 1 0 0 0 0 0 0 
Microlaimus 11 5 9 0 0 0 0 24 10 0 0 6 103 31 190 4 13 0 0 8 18 0 0 0 
Morlaixia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 60 0 0 
Molgolaimus 3 9 0 0 0 0 90 85 41 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Monhystera 49 83 85 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Monhystrella 0 19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 40 0 0 
Nanolaimoides 0 0 0 0 0 0 0 24 0 1 4 0 0 0 0 0 0 1 0 0 0 0 0 0 
Neochromadora 0 5 5 0 0 12 0 36 0 6 0 0 0 25 0 0 0 5 0 0 0 40 20 135 
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Neotonchus 0 0 0 0 0 0 0 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 
Odontophora 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
Omicronema 0 0 0 0 90 24 0 0 0 0 117 230 0 0 0 53 0 3 14 20 34 0 0 0 
Oncholaimellus 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 4 3 62 348 148 0 0 23 
Oncholaimoides 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 3 0 0 0 
Oncholaimus 3 5 0 86 45 36 26 231 72 39 31 18 4 3 18 0 22 50 21 31 5 0 0 23 
Onyx 0 5 5 25 34 24 90 36 133 6 130 0 0 0 0 12 18 8 41 23 29 0 0 23 
Oxystomina 3 14 38 0 0 0 0 24 21 0 0 0 0 0 0 4 0 0 0 0 0 0 0 68 
Pandolaimus 5 23 0 0 0 0 13 0 0 0 0 0 0 0 0 0 0 0 2 16 0 0 0 0 
Paracanthonchus 8 5 0 0 0 0 0 0 21 36 58 88 0 3 18 33 44 41 71 86 111 0 20 0 
Paracyatholaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 2 1 0 0 0 0 0 0 
Paramicrolaimus 0 0 0 0 0 0 0 0 0 0 0 0 16 0 4 0 0 0 0 0 0 0 0 0 
Paramonhystera 0 5 0 0 0 12 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
Paramonohystera 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 
Parasphaerolaimus 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 
Parastomonema 0 0 0 0 0 0 0 0 0 0 0 0 8 0 0 0 0 0 0 0 0 0 0 0 
Paraterschellingia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 
Parodontophora 3 125 156 12 34 49 0 0 10 0 0 0 24 43 53 0 2 0 0 0 0 40 119 248 
Perspiria 0 0 0 0 0 0 0 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Phanodermopsis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
Pomponema 0 5 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Polygastrophora 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Polysigma 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 
Praeacanthonchus 0 0 0 0 0 0 39 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Promonhystera 0 0 0 0 45 0 0 0 0 3 0 0 0 0 0 0 13 4 2 4 0 0 0 0 
Pselionema 0 5 0 0 0 0 0 0 10 1 18 6 0 0 0 8 0 4 0 0 0 0 0 0 
Pseudolella 0 5 0 0 0 0 0 0 0 1 0 0 8 9 0 0 0 0 0 0 0 40 40 0 
Pseudosteineria 0 0 0 0 0 0 0 12 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ptycholaimellus 16 14 5 0 11 12 0 0 0 3 0 0 16 56 66 0 0 0 0 0 0 60 40 90 
Ptycholaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 3 4 0 0 0 0 0 0 0 0 0 
Quadricoma 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 
Retrotheristus 25 42 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Rhabdocoma 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 1 0 0 0 0 0 0 
Rhinema 0 0 0 37 22 0 193 73 72 14 58 65 0 0 0 33 6 5 0 0 0 0 0 0 
Rhynchonema 0 0 0 395 236 121 0 0 0 10 54 47 4 0 0 49 2 1 9 31 26 0 0 0 
Sabatieria 0 9 19 0 0 0 39 36 62 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Scaptrella 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sigmophoranema 0 0 0 0 0 0 0 0 31 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Southerniella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 80 59 0 




Sphaerolaimus 3 19 43 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 80 40 113 
Spilophorella 0 0 0 0 0 12 13 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 
Spirinia 0 0 0 0 0 0 0 12 0 0 4 0 0 0 0 0 0 0 2 0 0 0 0 0 
Spirininae 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 
Subsphaerolaimus 0 0 5 0 22 0 0 0 0 0 13 0 0 0 0 0 0 0 0 0 0 0 0 0 
Synonchiella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 
Synonema 0 0 0 0 0 0 0 0 0 1 0 6 4 0 0 0 0 0 0 0 0 0 0 0 
Terschellingia 8 5 5 0 0 0 0 0 31 0 0 0 130 143 182 0 0 0 0 0 0 0 119 68 
Thalassironus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 
Thalassoalaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 23 
Thalassomonhystera 3 9 19 0 0 12 26 85 10 19 0 0 32 28 40 0 26 14 5 0 0 320 296 361 
Theristus 5 5 24 99 202 12 13 0 0 32 135 41 40 62 27 234 51 13 107 86 95 0 0 0 
Trefusia 0 0 0 0 0 0 0 0 0 1 45 247 0 0 0 20 0 5 2 4 0 0 0 0 
Tricoma 0 0 0 0 0 0 39 12 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Trileptium 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 
Tripyloides 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 2 0 0 0 0 0 
Trissonchulus 57 0 0 0 0 0 0 0 0 0 4 6 0 0 0 4 0 0 0 0 16 40 0 45 
Valvaelaimus 0 5 0 25 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
Vasostoma 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Viscosia 0 0 0 25 34 12 39 61 10 32 4 18 24 25 13 20 31 13 0 0 0 0 0 23 
Xyala 0 0 0 0 0 0 0 0 0 0 27 94 0 0 0 16 0 0 0 0 5 0 0 0 













Appendix 5. Composition and densities of free living marine nematodes from 8 Mekong estuaries in the dry season 
(Estuary ECT and ECD) 
 
 Genera 
ECT1 ECT2 ECT3 ECT4 ECD1 ECD2 ECD3 ECD4 
1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 
Acantholaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Acanthoschus 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Achromadora 0 0 0 0 0 0 0 0 0 0 2 1 0 0 0 0 0 0 0 8 0 0 0 0 
Adoncholaimus 0 0 0 0 0 24 100 0 109 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 
Aegialoalaimus 0 0 0 0 0 0 13 48 14 0 0 0 0 0 0 13 8 55 18 0 0 0 0 0 
Alaimella 0 0 0 0 0 0 0 0 0 0 0 0 0 21 0 0 0 0 0 0 0 0 0 0 
Amphimonhystera 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Amphimonhystrella 2 0 0 0 14 0 0 0 0 0 0 0 16 21 0 0 0 0 0 0 0 0 0 0 
Anoplostoma 0 0 0 0 0 12 0 0 0 0 0 0 0 0 0 0 16 0 9 0 0 0 0 0 
Anticoma 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Anticyathus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Antomicron 0 0 0 0 0 0 0 16 0 0 0 0 0 0 0 52 25 27 0 8 0 15 0 0 
Aphanonchus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0 0 0 0 
Araeolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ascolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Astomonema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Axonolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 




Bathylaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Belbolla 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 13 0 0 0 0 0 0 0 0 
Bolbolaimus 0 0 0 0 0 0 13 0 14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Boucherius 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Brevitobrilus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Calyptronema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Camacolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Campylaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 0 0 0 7 4 0 
Cephalobus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0 0 0 
Ceramonema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12 0 0 0 0 0 0 0 0 0 
Clarkus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Clavicauloides 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cobbia 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Comesa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Comesoma 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Comesomoides 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Coninckia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cricolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cryptonchus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 
Cyartonema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cyatholaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 0 0 0 0 0 
Cylindrolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 17 0 0 0 
Chiloplectus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Chromadora 0 0 0 26 0 0 0 0 0 0 0 0 0 10 53 0 0 9 0 0 0 0 24 0 
Chromadorella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Chromadorina 2 0 0 0 0 0 0 0 0 0 0 1 0 0 0 13 0 0 0 0 17 67 51 29 
Chromadorita 0 0 0 26 0 0 13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 0 0 
Chromaspirina 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0 0 0 0 0 0 0 0 0 
Chronogaster 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 8 8 7 0 0 
Daptonema 32 98 97 314 246 159 465 339 354 8 20 27 57 21 23 13 0 37 9 0 8 343 251 305 
Dasynemoides 2 3 0 0 0 0 0 0 0 0 0 0 16 0 0 0 0 0 0 0 0 0 0 0 
Deontolaimus 0 0 0 0 0 0 0 16 0 0 0 0 0 0 0 0 0 0 0 0 42 0 0 0 
Desmocolex 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 18 9 0 0 0 0 0 
Desmodora 23 26 40 0 0 12 0 0 0 0 0 0 499 617 362 66 74 18 26 0 8 0 0 0 
Desmodoridae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Desmolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 0 0 0 0 0 0 
Dichromadora 0 0 0 52 68 24 50 48 54 0 0 0 0 0 0 0 8 0 0 8 17 7 4 0 
Diodontolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 0 0 0 0 0 0 
Diplogaster 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0 0 0 0 
Diplogasteridae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Diplolaimella 0 0 0 0 0 12 0 0 27 0 1 1 0 0 0 0 8 9 0 56 84 67 27 24 
Diplolaimelloides 0 0 0 0 0 0 0 0 27 0 0 0 0 0 0 0 0 0 9 16 0 0 0 0 
Diplolaimellus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Diplolaimoides 0 0 0 0 0 0 0 16 0 0 0 0 0 0 0 0 0 0 0 0 8 0 0 0 
Diplopeltoides 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Disconema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 




Dolicholaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Doliolaimus 0 0 0 0 0 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Dorylaimellus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Dorylaimopsis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Drepanodorylaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Eleutherolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Elzalia 2 0 0 0 14 12 0 0 0 0 0 0 0 0 0 13 0 0 0 0 0 0 0 0 
Endeolophos 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Enoploides 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Enoplolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ethmolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Euchromadora 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Eudorylaimus 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Eumonhystera 0 0 0 0 0 0 0 16 0 0 0 0 0 0 0 0 0 9 0 0 0 0 0 0 
Eumorpholaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 0 0 0 0 0 0 
Eurystomina 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 66 0 0 0 0 0 0 0 0 
Gairleanema 0 0 0 0 0 0 0 0 0 0 0 0 0 31 0 0 0 0 0 0 0 0 0 0 
Gammanema 0 0 0 0 0 0 0 0 0 0 0 0 8 10 0 0 0 0 0 0 0 0 0 0 
Geomonhystera 0 0 0 131 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Gerlachius 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Gnomoxyala 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Goffartia 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Gomphionema 0 0 0 0 14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Graphonema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Greeffiella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 0 0 
Halalaimus 0 2 0 105 123 73 88 323 95 0 1 2 0 0 0 197 131 201 184 80 219 74 35 34 
Halichoanolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0 0 0 0 0 0 0 
Haliplectus 2 0 0 0 0 0 63 177 340 1 1 0 0 0 0 92 0 46 88 240 110 0 0 0 
Hemicyclophora 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 68 0 0 0 
Heterocephalobus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 17 0 0 0 
Hirschmanniella 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Hofmaenneria 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Hopperia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 0 0 
Hypodontolaimus 2 3 0 0 0 0 0 0 0 0 0 0 0 21 18 0 0 0 0 0 0 0 0 0 
Ironus 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 7 35 5 
Ixonema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Kraspedonema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Labronema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Laevides 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Lauratonema 0 0 0 0 0 0 25 48 41 0 0 0 0 0 0 39 0 0 0 0 0 0 0 0 
Leptolaimoides 0 0 0 0 0 0 13 48 41 0 0 0 0 0 0 79 49 55 0 0 0 22 4 0 
Leptolaimus 2 3 0 0 14 0 13 0 0 0 0 0 0 0 0 39 33 37 18 0 8 0 0 0 
Linhomoeus 0 0 0 0 0 0 0 0 14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Linhystera 0 0 0 26 0 0 0 16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Litinium 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 16 0 0 0 0 0 0 0 
Longicyatholaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 27 9 8 17 0 0 0 




Marylynia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 13 0 0 0 8 34 0 0 0 
Megadesmolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 0 0 0 0 0 0 
Mesodorylaimus 0 0 0 0 0 0 0 0 0 3 2 4 0 0 0 0 0 0 0 0 0 0 0 0 
Mesorhabditis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Metacomesoma 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Metacyatholaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 18 0 0 0 0 0 0 
Metachromadora 0 0 0 26 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Metadasynemoides 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Metadesmolaimus 0 3 0 0 0 0 0 0 14 0 0 0 0 0 12 0 0 0 0 0 0 0 0 0 
Metalinhomoeus 0 0 0 0 0 24 25 0 68 0 0 0 0 0 0 511 411 311 0 0 0 0 0 0 
Metaparoncholaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Metasphaerolaimus 0 0 0 0 0 0 0 0 14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Metoncholaimus 0 0 0 78 0 24 0 0 0 0 0 0 0 0 0 0 0 64 9 0 0 0 0 0 
Microlaimus 2 3 2 0 0 0 0 0 0 0 0 0 0 0 0 13 8 0 0 0 0 0 0 0 
Molgolaimus 0 0 0 0 0 0 13 0 0 0 0 0 0 0 0 0 0 46 0 0 0 0 0 0 
Molgolotheristus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Monochoides 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 10 
Mononchulus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 0 0 0 0 0 
Mononchus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Monoposthia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Monhystera 0 0 0 601 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Monhystrella 0 0 0 0 0 0 0 48 0 0 0 0 0 0 0 0 0 0 0 8 0 0 0 0 
Morlaixia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Mylonchulus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nanolaimoides 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0 0 0 0 0 0 0 
Nemanema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Neochromadora 0 0 0 0 0 98 63 97 41 0 0 1 33 31 0 0 8 0 0 16 0 37 24 29 
Neotonchus 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nygellidae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nygolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Odontophora 0 0 0 0 0 0 13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Omicronema 0 0 0 0 0 0 0 0 0 0 0 0 262 345 292 0 0 0 0 0 0 0 0 0 
Onchium 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Oncholaimellus 0 0 0 0 0 0 0 0 0 0 0 0 8 0 12 0 0 0 0 0 0 0 0 0 
Oncholaimidae 0 0 0 0 27 0 0 0 0 0 0 0 0 0 0 0 0 0 9 0 0 0 0 0 
Oncholaimus 5 3 0 0 0 0 0 0 0 0 0 0 25 0 0 0 8 27 0 0 0 0 0 0 
Onyx 29 14 6 0 0 0 0 0 0 0 0 0 16 10 12 0 0 0 0 0 0 0 0 0 
Oxydirus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Oxystomina 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 52 8 18 35 8 8 0 4 0 
Pandolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paracanthonchus 0 0 0 0 14 0 0 16 0 0 0 0 16 42 12 13 8 0 0 16 0 0 0 0 
Paracomesoma  0 0 0 445 178 147 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paracyatholaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 72 76 0 0 0 
Parachromadorita 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paradesmocolex 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paraethmolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 




Paralinhomoeus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paralongcyatholaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paramonhystera 2 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 
Paramphidelus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 0 0 0 0 0 
Paraplectonema 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Paraphanolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0 0 0 0 
Parasphaerolaimus 0 0 0 26 0 12 0 16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 
Parastomonema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paravulvus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Parodontophora 7 3 5 235 178 195 314 323 462 5 2 3 0 0 6 92 33 55 26 56 25 45 47 29 
Pierrickia 0 0 0 26 14 0 0 0 0 0 0 0 0 0 0 0 8 0 0 0 8 0 0 0 
Plectus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 16 8 0 0 0 
Polygastrophora 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Polysigma 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pomponema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0 0 0 0 0 0 0 
Praeacanthonchus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Prismatolaimus 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 8 0 0 0 0 
Procamacolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Prochromadora 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 0 0 0 4 0 
Prochromadorella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Prodesmodora 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Prodorylaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Promonhystera 0 0 0 0 0 0 0 0 0 0 0 0 0 0 47 0 0 0 0 0 0 0 0 0 
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Prooncholaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Protorhabditis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0 0 0 0 
Pselionema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudochromadora 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudolella 0 0 0 157 0 49 477 194 299 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 
Pseudosteinema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Psilenchus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pterygonema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ptycholaimellus 0 0 1 78 0 12 0 16 14 1 0 0 25 10 0 0 0 0 0 0 0 52 12 102 
Ptycholaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 
Phanodermopsis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Quadricoma 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Retrotheristus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 0 0 
Rhabdocoma 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Rhabdolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 8 0 
Rhinema 2 0 0 0 0 0 0 0 0 0 0 0 8 63 12 0 0 0 0 0 0 0 0 0 
Rhynchonema 50 28 6 0 0 0 0 0 0 0 0 0 131 73 76 13 8 0 0 0 0 0 0 0 
Rogerus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sabatieria 0 0 0 0 82 12 0 0 0 0 0 0 0 0 0 0 8 0 0 0 0 0 0 0 
Setoplectus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sigmophoranema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sinanema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0 0 0 0 
Southerniella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 53 0 0 0 0 0 




Spilophorella 0 0 0 0 0 37 75 113 54 0 0 0 0 0 0 0 0 0 0 0 0 89 27 24 
Spirinia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sphaerolaimidae 0 0 0 0 27 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sphaerolaimus 2 0 0 235 27 24 0 0 14 0 0 0 0 0 0 0 8 9 9 8 8 7 8 15 
Sphaerotheristus 0 0 0 0 0 0 0 0 14 22 62 73 196 126 134 13 16 0 9 0 0 0 8 5 
Steineridora 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Stylotheristus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Subsphaerolaimus 0 0 0 52 0 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Synodontium 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Synonchiella 0 2 1 0 0 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 
Synonema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Syringolaimus 0 0 0 0 0 0 63 16 14 0 0 0 0 0 0 0 0 9 0 0 0 30 0 10 
Terschellingia 0 0 0 131 164 391 138 226 272 0 0 2 0 0 0 92 140 146 114 176 101 268 102 131 
Tubolaimoides 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Tylencholaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Thalassionema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Thalassironus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Thalassoalaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Thalassomonhystera 2 0 0 ### 0 757 75 290 136 0 0 0 0 0 0 236 238 201 491 272 363 89 82 19 
Theristus 0 15 7 78 833 171 352 97 68 3 2 2 8 52 76 144 90 73 26 136 59 22 39 10 
Trefusia 39 2 0 0 492 0 0 0 0 0 0 0 0 0 0 13 0 9 0 0 0 0 0 0 
Tricoma 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Trichotheristus 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Tridentula 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Tripyloides 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 18 0 42 7 0 15 
Trissonchulus 0 0 0 26 0 0 0 0 0 0 0 0 0 0 0 26 33 9 0 0 0 0 0 0 
Viscosia 5 8 12 0 0 12 13 16 14 0 0 0 33 10 23 39 8 0 9 0 25 0 0 0 
Wieseria 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Xenolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Xyala 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 




Appendix 5. Composition and densities of free living marine nematodes from 8 Mekong estuaries in the dry season 
(Estuary EBL and EHL) 
 
Genera 
EBL1 EBL2 EBL4 EHL1 EHL2 EHL3 EHL4 
1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 
Acantholaimus 0 0 0 0 0 0 19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Acanthoschus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Achromadora 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Adoncholaimus 0 0 0 18 8 14 0 0 0 0 0 0 0 0 0 6 0 28 0 0 0 
Aegialoalaimus 0 0 12 0 2 0 19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Alaimella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Amphimonhystera 0 0 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Amphimonhystrella 0 0 12 0 0 0 0 0 0 0 0 0 0 0 0 14 10 28 0 9 0 
Anoplostoma 0 0 0 0 0 0 0 0 40 0 0 0 0 0 0 0 0 0 0 0 0 
Anticoma 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Anticyathus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Antomicron 0 0 0 0 0 0 19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Aphanonchus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Araeolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ascolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Astomonema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Axonolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Bathylaimus 0 0 0 0 0 0 0 0 0 4 0 0 1 0 0 0 0 0 0 0 0 
Belbolla 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Bolbolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Boucherius 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Brevitobrilus 0 0 0 34 74 30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Calyptronema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Camacolaimus 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
Campylaimus 0 0 0 0 0 0 0 0 20 0 0 0 0 0 1 0 3 4 0 0 0 
Cephalobus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ceramonema 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Clarkus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 0 
Clavicauloides 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 14 0 0 
Cobbia 0 0 12 0 0 0 0 0 0 0 0 0 0 3 0 0 0 4 21 27 7 
Comesa 0 0 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 
Comesoma 10 20 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
Comesomoides 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Coninckia 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cricolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cryptonchus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cyartonema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cyatholaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cylindrolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Chiloplectus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 




Chromadora 0 0 24 0 0 0 0 0 0 0 0 0 0 0 0 23 75 36 0 0 0 
Chromadorella 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Chromadorina 0 0 0 4 0 6 0 114 0 0 0 0 0 0 0 0 0 4 0 0 0 
Chromadorita 0 50 0 0 4 0 0 0 0 13 0 0 0 0 0 0 0 0 0 0 0 
Chromaspirina 0 0 0 0 0 0 170 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Chronogaster 0 0 0 0 0 0 0 0 0 0 0 0 15 0 0 0 0 16 0 0 0 
Daptonema 0 0 24 0 0 0 454 569 559 67 154 190 0 7 12 49 99 155 286 390 216 
Dasynemoides 0 20 24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Deontolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Desmocolex 0 0 0 0 0 0 19 19 0 0 0 0 1 0 0 3 0 0 0 0 7 
Desmodora 758 914 1241 16 0 1 76 19 0 144 109 56 0 0 0 3 3 4 0 9 0 
Desmodoridae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Desmolaimus 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Dichromadora 0 40 12 2 4 0 19 285 40 4 0 0 0 1 0 0 0 0 766 965 734 
Diodontolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Diplogaster 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Diplogasteridae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Diplolaimella 0 0 0 208 204 86 19 0 0 0 0 0 0 0 0 0 0 8 0 0 0 
Diplolaimelloides 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 29 17 28 0 0 0 
Diplolaimellus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Diplolaimoides 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Diplopeltoides 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Disconema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 4 0 0 0 
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Dolicholaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Doliolaimus 0 0 0 0 0 0 19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Dorylaimellus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 18 7 
Dorylaimopsis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Drepanodorylaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0 0 0 0 0 
Eleutherolaimus 0 0 0 0 0 0 19 0 0 0 0 0 0 0 0 11 0 0 0 0 0 
Elzalia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Endeolophos 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Enoploides 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Enoplolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ethmolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Euchromadora 0 0 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Eudorylaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Eumonhystera 0 0 0 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Eumorpholaimus 0 0 0 0 0 0 0 0 20 0 0 0 0 0 0 3 7 4 0 0 0 
Eurystomina 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Gairleanema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Gammanema 92 60 48 0 0 0 0 0 0 4 5 4 0 0 0 0 0 0 0 0 0 
Geomonhystera 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Gerlachius 0 0 24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Gnomoxyala 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Goffartia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 7 
Gomphionema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 




Graphonema 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Greeffiella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Halalaimus 0 0 24 0 0 0 76 76 60 0 0 0 0 2 0 46 38 24 29 18 20 
Halichoanolaimus 0 0 36 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Haliplectus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Hemicyclophora 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Heterocephalobus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Hirschmanniella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 0 
Hofmaenneria 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Hopperia 0 0 0 0 0 0 38 57 20 0 0 0 0 0 0 0 0 0 0 0 0 
Hypodontolaimus 123 141 108 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ironus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ixonema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Kraspedonema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Labronema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 
Laevides 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 50 35 0 
Lauratonema 0 0 24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Leptolaimoides 0 0 0 0 0 0 19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Leptolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 
Linhomoeus 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 
Linhystera 0 0 0 0 0 0 208 38 0 0 0 0 0 1 0 3 0 0 0 0 0 
Litinium 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Longicyatholaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Marylynia 0 0 0 0 0 0 19 76 0 0 0 0 0 0 0 0 0 0 0 0 0 
Megadesmolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Mesodorylaimus 0 0 0 18 32 25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Mesorhabditis 0 0 0 2 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Metacomesoma 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Metacyatholaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Metachromadora 0 0 0 0 0 0 19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Metadasynemoides 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Metadesmolaimus 0 20 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Metalinhomoeus 0 0 0 2 0 0 19 0 20 0 0 0 0 2 4 9 106 24 0 18 13 
Metaparoncholaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Metasphaerolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Metoncholaimus 0 0 0 0 0 0 0 0 0 0 0 9 0 0 1 0 7 0 0 0 0 
Microlaimus 184 111 193 2 0 2 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 
Molgolaimus 0 10 0 2 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
Molgolotheristus 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Monochoides 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Mononchulus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Mononchus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Monoposthia 31 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Monhystera 0 0 0 12 4 0 0 0 0 0 0 0 0 1 0 3 0 0 0 0 0 
Monhystrella 0 0 0 0 25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Morlaixia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 




Mylonchulus 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 
Nanolaimoides 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nemanema 0 10 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 7 0 0 
Neochromadora 20 20 24 4 0 3 170 0 160 0 0 0 0 0 0 11 0 0 0 0 0 
Neotonchus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nygellidae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 
Nygolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 14 44 20 
Odontophora 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Omicronema 0 10 0 0 0 0 0 0 0 63 23 26 0 1 0 0 0 0 0 0 0 
Onchium 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
Oncholaimellus 0 0 0 0 0 0 0 0 0 301 372 418 0 2 0 0 0 0 7 0 0 
Oncholaimidae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Oncholaimus 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Onyx 164 70 132 2 0 0 0 0 0 0 23 0 0 1 0 0 0 0 0 0 0 
Oxydirus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 27 7 
Oxystomina 0 0 0 0 0 0 0 0 20 0 0 0 0 2 0 3 3 0 0 0 0 
Pandolaimus 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paracanthonchus 0 0 12 0 0 0 38 0 0 126 41 159 0 0 0 0 0 0 0 0 0 
Paracomesoma 0 20 0 0 0 0 454 531 919 0 0 0 0 0 0 0 0 0 0 0 0 
Paracyatholaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Parachromadorita 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paradesmocolex 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paraethmolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Paralinhomoeus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paralongcyatholaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paramonhystera 0 10 0 0 0 0 0 0 40 0 0 0 0 0 0 0 0 0 0 0 0 
Paramphidelus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paraplectonema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paraphanolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Parasphaerolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Parastomonema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paravulvus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 72 
Parodontophora 10 10 12 0 0 0 189 228 220 0 0 0 28 40 74 37 31 4 0 0 0 
Pierrickia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Plectus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Polygastrophora 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Polysigma 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pomponema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Praeacanthonchus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Prismatolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Procamacolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Prochromadora 0 0 0 0 0 0 19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Prochromadorella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Prodesmodora 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Prodorylaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Promonhystera 20 10 0 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 




Prooncholaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Protorhabditis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pselionema 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudochromadora 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudolella 0 0 0 0 2 0 1041 1063 759 0 0 0 0 0 0 11 31 4 0 0 0 
Pseudosteinema 10 10 24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Psilenchus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 0 
Pterygonema 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ptycholaimellus 0 10 0 0 0 0 19 114 60 0 0 0 0 0 0 6 0 0 0 0 0 
Ptycholaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Phanodermopsis 0 0 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Quadricoma 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Retrotheristus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Rhabdocoma 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Rhabdolaimus 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Rhinema 41 40 60 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Rhynchonema 0 0 0 0 0 0 19 0 0 9 9 0 0 0 0 0 0 0 0 0 0 
Rogerus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sabatieria 0 0 0 0 0 0 114 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
Setoplectus 0 0 0 0 0 0 0 38 20 0 0 0 0 0 0 0 0 0 0 0 0 
Sigmophoranema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Southerniella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Spilophorella 0 0 0 0 0 0 57 76 40 0 0 0 0 0 0 0 0 0 0 0 0 
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Spirinia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sphaerolaimidae 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
Sphaerolaimus 0 0 0 0 0 0 38 38 100 0 0 0 0 0 3 29 10 12 0 0 0 
Sphaerotheristus 0 0 0 0 0 0 0 57 80 4 9 17 0 0 1 0 0 4 0 0 0 
Steineridora 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Stylotheristus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Subsphaerolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Synodontium 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Synonchiella 0 40 84 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Synonema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Syringolaimus 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 179 168 85 
Terschellingia 0 0 0 0 0 0 38 38 160 0 0 0 0 2 0 29 69 44 7 0 20 
Tubolaimoides 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Tylencholaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 0 0 
Thalassionema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Thalassironus 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 
Thalassoalaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Thalassomonhystera 0 0 0 16 0 0 114 114 140 0 0 0 7 0 0 14 0 0 0 0 0 
Theristus 51 121 145 18 4 1 38 38 60 27 36 0 0 2 12 3 27 16 0 0 0 
Trefusia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Tricoma 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Trichotheristus 10 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Tridentula 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 




Tripyloides 0 0 0 0 0 0 0 0 0 0 9 0 0 0 0 112 65 20 36 53 79 
Trissonchulus 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
Viscosia 31 0 24 2 0 0 0 0 0 144 18 0 0 6 16 43 45 16 7 0 0 
Wieseria 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Xenolaimus 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 
















Appendix 5. Composition and densities of free living marine nematodes from 8 Mekong estuaries in the dry season 
(Estuary ECC and ECH) 
 
Genera 
ECC1 ECC2 ECC3 ECC4 ECH1 ECH2 ECH3 ECH4 
1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 
Acantholaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Acanthoschus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Achromadora 0 0 0 0 0 0 0 0 0 21 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Adoncholaimus 0 0 0 0 0 0 0 0 0 42 22 26 0 0 0 0 0 0 3 0 3 0 0 0 
Aegialoalaimus 16 22 17 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Alaimella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Amphimonhystera 0 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Amphimonhystrella 0 0 0 0 0 0 0 0 0 31 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Anoplostoma 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 
Anticoma 0 0 6 0 0 0 0 0 0 0 0 0 23 7 0 0 0 0 0 0 0 0 3 0 
Anticyathus 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Antomicron 5 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Aphanonchus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Araeolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ascolaimus 0 0 0 0 0 0 0 0 15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Astomonema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Axonolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 




Bathylaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Belbolla 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 3 
Bolbolaimus 11 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Boucherius 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Brevitobrilus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Calyptronema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Camacolaimus 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Campylaimus 11 0 6 0 0 0 0 0 0 0 22 0 0 0 0 0 0 0 1 0 3 2 7 5 
Cephalobus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ceramonema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Clarkus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Clavicauloides 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cobbia 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
Comesa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 
Comesoma 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Comesomoides 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Coninckia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cricolaimus 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cryptonchus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cyartonema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
Cyatholaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cylindrolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Chiloplectus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Chromadora 0 0 0 0 0 0 20 0 15 0 0 0 23 7 20 0 0 1 3 2 51 0 0 0 
Chromadorella 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Chromadorina 0 0 0 0 0 0 157 33 76 0 0 26 0 7 0 0 2 0 0 0 3 0 0 0 
Chromadorita 11 9 0 0 0 0 177 0 0 0 0 0 0 0 0 1 0 0 0 7 0 0 0 3 
Chromaspirina 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Chronogaster 0 0 0 0 0 0 0 0 0 10 43 78 0 0 0 0 0 0 0 0 0 0 0 0 
Daptonema 66 56 46 0 4 3 1061 247 642 419 582 442 198 189 82 5 18 2 11 25 28 44 40 40 
Dasynemoides 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Deontolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Desmocolex 5 17 23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 15 10 16 
Desmodora 164 82 145 275 67 94 20 0 15 94 0 78 17 13 23 46 13 3 0 1 0 2 0 0 
Desmodoridae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 
Desmolaimus 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 
Dichromadora 11 39 6 4 0 1 334 544 1008 199 86 234 0 0 0 0 0 0 0 0 0 12 13 42 
Diodontolaimus 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Diplogaster 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Diplogasteridae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Diplolaimella 5 34 17 12 11 0 0 0 0 42 280 52 0 0 0 0 0 0 3 2 17 0 0 0 
Diplolaimelloides 0 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 3 0 
Diplolaimellus 0 0 6 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Diplolaimoides 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Diplopeltoides 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Disconema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 




Dolicholaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Doliolaimus 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Dorylaimellus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Dorylaimopsis 11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Drepanodorylaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Eleutherolaimus 16 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Elzalia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Endeolophos 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Enoploides 0 0 0 0 0 0 0 0 0 0 0 0 0 33 0 0 0 0 0 0 0 0 0 0 
Enoplolaimus 0 0 0 0 0 0 0 0 0 0 0 0 12 0 0 0 0 0 0 0 3 0 0 0 
Ethmolaimus 0 0 6 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Euchromadora 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Eudorylaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Eumonhystera 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Eumorpholaimus 0 0 0 0 0 0 0 0 0 0 0 0 6 7 28 0 0 0 0 0 0 0 0 0 
Eurystomina 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Gairleanema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Gammanema 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
Geomonhystera 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Gerlachius 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Gnomoxyala 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Goffartia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Gomphionema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Graphonema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Greeffiella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Halalaimus 71 47 41 23 67 1 197 412 107 105 280 286 0 0 0 0 0 0 2 1 8 54 118 48 
Halichoanolaimus 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Haliplectus 5 0 0 15 0 3 20 16 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
Hemicyclophora 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Heterocephalobus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Hirschmanniella 0 0 0 0 0 0 0 0 0 63 129 0 0 0 0 0 0 0 0 0 0 0 0 0 
Hofmaenneria 0 0 0 0 0 0 0 0 0 0 22 0 0 0 0 0 0 0 0 0 0 0 0 0 
Hopperia 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Hypodontolaimus 0 0 0 0 0 0 0 16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ironus 0 0 0 0 0 0 0 0 0 0 65 52 0 0 0 0 0 0 0 0 0 0 0 0 
Ixonema 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Kraspedonema 0 0 0 0 0 0 0 0 15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Labronema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Laevides 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Lauratonema 0 0 0 27 2 3 39 49 46 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Leptolaimoides 0 0 0 0 0 0 79 165 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Leptolaimus 27 39 23 39 54 12 0 16 0 0 0 0 0 0 0 0 0 0 0 0 0 19 30 27 
Linhomoeus 0 0 0 23 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Linhystera 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Litinium 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Longicyatholaimus 0 0 0 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 




Marylynia 0 0 6 0 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Megadesmolaimus 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Mesodorylaimus 0 0 0 0 0 0 0 0 0 31 86 0 0 0 0 0 0 0 0 0 0 0 0 0 
Mesorhabditis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Metacomesoma 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Metacyatholaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Metachromadora 104 30 75 4 0 0 0 16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Metadasynemoides 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Metadesmolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 3 0 0 0 0 0 0 
Metalinhomoeus 11 0 0 58 105 59 20 66 0 0 0 0 0 0 0 0 0 0 1 0 0 7 34 21 
Metaparoncholaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Metasphaerolaimus 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Metoncholaimus 0 0 0 0 0 0 0 0 0 0 0 0 29 13 17 0 0 0 0 0 0 0 0 0 
Microlaimus 16 26 17 0 2 3 0 0 0 0 0 0 99 39 17 0 0 0 0 0 0 5 0 3 
Molgolaimus 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Molgolotheristus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Monochoides 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Mononchulus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Mononchus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 
Monoposthia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Monhystera 5 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 6 36 17 42 
Monhystrella 0 34 12 4 0 0 39 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 
Morlaixia 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Mylonchulus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nanolaimoides 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nemanema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Neochromadora 44 0 12 0 0 0 315 0 15 10 0 0 12 26 20 0 0 0 0 0 0 0 0 0 
Neotonchus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 
Nygellidae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nygolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Odontophora 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Omicronema 0 4 0 0 0 0 0 0 0 0 0 0 0 0 3 6 50 2 0 0 0 0 0 0 
Onchium 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Oncholaimellus 0 0 0 0 0 0 0 0 0 0 0 0 570 1120 195 5 7 0 0 44 11 2 0 3 
Oncholaimidae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Oncholaimus 11 4 12 0 2 0 0 0 15 0 0 0 0 0 0 1 0 0 0 0 0 2 0 0 
Onyx 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 0 0 0 0 0 0 0 
Oxydirus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Oxystomina 0 0 0 0 0 1 0 0 15 0 0 0 0 0 0 0 0 0 0 0 0 2 10 16 
Pandolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paracanthonchus 0 0 6 0 4 1 0 0 0 0 0 0 29 13 0 1 0 0 1 2 0 2 0 0 
Paracomesoma 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paracyatholaimus 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Parachromadorita 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paradesmocolex 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paraethmolaimus 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 




Paralinhomoeus 0 0 0 19 7 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paralongcyatholaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paramonhystera 0 0 6 0 0 0 0 16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paramphidelus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paraplectonema 0 0 0 0 0 0 0 0 0 0 22 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paraphanolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Parasphaerolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 
Parastomonema 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paravulvus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 17 0 14 0 0 0 
Parodontophora 0 4 12 0 0 0 511 363 183 52 86 260 0 0 0 0 1 0 24 52 132 75 101 56 
Pierrickia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Plectus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Polygastrophora 0 9 17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Polysigma 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pomponema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Praeacanthonchus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Prismatolaimus 0 0 0 0 0 0 0 0 0 31 108 26 0 0 0 0 0 0 0 0 0 0 0 0 
Procamacolaimus 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Prochromadora 0 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Prochromadorella 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Prodesmodora 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Prodorylaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Promonhystera 0 0 0 0 0 0 0 16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 
                                                                                                                               
269  
 
Prooncholaimus 0 0 0 0 0 0 0 115 31 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Protorhabditis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pselionema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudochromadora 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudolella 11 0 0 0 0 0 59 49 31 31 0 78 0 0 0 0 0 0 2 4 0 0 0 0 
Pseudosteinema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Psilenchus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pterygonema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ptycholaimellus 104 39 69 0 0 0 20 16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ptycholaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Phanodermopsis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Quadricoma 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Retrotheristus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Rhabdocoma 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Rhabdolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Rhinema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 9 15 3 0 0 0 0 0 0 
Rhynchonema 5 0 0 8 4 3 0 0 0 0 0 0 52 39 6 12 45 4 0 0 0 0 3 0 
Rogerus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sabatieria 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 4 3 19 17 27 
Setoplectus 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sigmophoranema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 
Southerniella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Spilophorella 0 9 87 0 0 0 0 0 0 42 65 78 0 0 3 0 0 0 1 0 6 5 3 0 




Spirinia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sphaerolaimidae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sphaerolaimus 0 0 0 0 4 0 0 0 31 0 0 0 0 0 0 0 0 0 5 1 6 44 47 32 
Sphaerotheristus 0 0 0 0 0 0 0 0 0 21 86 26 35 65 88 11 16 2 0 0 0 0 0 0 
Steineridora 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Stylotheristus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Subsphaerolaimus 0 0 0 0 0 0 0 16 46 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Synodontium 0 0 0 0 0 0 0 16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Synonchiella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Synonema 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Syringolaimus 0 0 0 0 0 0 0 0 15 0 0 0 0 0 0 0 0 0 0 0 0 0 3 3 
Terschellingia 16 13 17 35 7 1 315 692 122 419 302 598 0 0 0 0 0 0 0 1 0 7 10 11 
Tubolaimoides 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Tylencholaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Thalassionema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Thalassironus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Thalassoalaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 
Thalassomonhystera 109 86 122 23 11 9 275 115 168 63 0 182 0 0 0 0 0 0 0 0 0 0 0 11 
Theristus 191 151 162 70 29 42 39 115 397 115 0 26 47 52 25 11 2 1 9 22 48 12 0 3 
Trefusia 0 0 0 4 7 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Tricoma 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Trichotheristus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Tridentula 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 
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Tripyloides 5 4 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 
Trissonchulus 0 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Viscosia 11 9 12 4 7 7 177 66 0 0 0 0 6 7 34 0 2 0 0 0 0 0 10 0 
Wieseria 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Xenolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
















Appendix 5. Composition and densities of free living marine nematodes from 8 Mekong estuaries in the dry season 
(Estuary EDA and ETD) 
 
 
EDA1 EDA2 EDA3 EDA4 ETD1.1 ETD1.2 ETD1.3 ETD1.4 
 
1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 
Acantholaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Acanthoschus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Achromadora 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 
Adoncholaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 42 0 22 0 0 0 
Aegialoalaimus 0 0 8 31 0 0 0 0 0 0 0 0 0 0 11 0 4 0 21 0 0 0 0 0 
Alaimella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Amphimonhystera 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Amphimonhystrella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Anoplostoma 0 0 0 291 72 56 47 0 0 0 1 0 221 131 68 4 0 0 0 0 0 0 13 0 
Anticoma 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Anticyathus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Antomicron 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 
Aphanonchus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Araeolaimus 0 0 0 0 0 11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 22 0 0 0 
Ascolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Astomonema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 3 0 0 0 0 0 0 
Axonolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Bathylaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 21 0 0 
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Belbolla 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Bolbolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Boucherius 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Brevitobrilus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Calyptronema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 14 29 14 0 0 0 0 0 0 
Camacolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Campylaimus 0 0 0 0 0 0 12 0 7 12 12 1 0 0 0 0 0 0 0 0 0 0 0 0 
Cephalobus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ceramonema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Clarkus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Clavicauloides 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cobbia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Comesa 0 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Comesoma 6 9 15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Comesomoides 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 29 17 0 0 0 0 13 0 
Coninckia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cricolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cryptonchus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cyartonema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cyatholaimus 0 0 0 0 0 0 0 0 0 1 0 0 22 0 0 0 0 0 0 0 0 0 0 0 
Cylindrolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Chiloplectus 0 0 0 0 0 0 0 0 0 3 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Chromadora 0 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 21 150 22 0 0 0 




Chromadorella 0 0 0 15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 21 0 0 0 0 0 
Chromadorina 0 0 0 0 0 0 0 0 0 0 0 0 0 26 0 0 0 0 0 0 0 0 0 0 
Chromadorita 0 0 0 0 0 11 0 0 0 0 0 0 0 0 0 14 16 17 84 75 43 0 13 0 
Chromaspirina 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Chronogaster 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Daptonema 39 36 68 15 24 78 169 342 238 12 6 24 89 52 57 85 49 193 990 1314 1190 231 106 312 
Dasynemoides 6 18 15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Deontolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Desmocolex 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Desmodora 156 349 349 123 48 78 0 11 0 19 10 11 22 52 11 7 49 0 0 0 0 105 40 357 
Desmodoridae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Desmolaimus 0 0 0 0 0 0 0 0 0 0 0 0 22 0 0 0 0 3 0 38 0 21 0 22 
Dichromadora 0 0 0 15 24 22 0 0 0 1 0 0 22 0 0 0 0 3 105 75 0 0 0 0 
Diodontolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Diplogaster 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Diplogasteridae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Diplolaimella 0 0 0 0 121 111 0 0 0 1 0 1 0 0 0 70 69 34 126 38 195 251 186 201 
Diplolaimelloides 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Diplolaimellus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Diplolaimoides 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Diplopeltoides 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Disconema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Dolicholaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 
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Doliolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 11 0 0 0 0 0 0 0 0 0 
Dorylaimellus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Dorylaimopsis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Drepanodorylaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Eleutherolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Elzalia 0 0 0 0 0 0 0 0 0 0 0 0 177 209 273 25 16 28 105 38 108 63 53 223 
Endeolophos 0 89 15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Enoploides 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Enoplolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ethmolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Euchromadora 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Eudorylaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Eumonhystera 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Eumorpholaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Eurystomina 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 4 0 0 0 0 0 0 0 
Gairleanema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Gammanema 0 0 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Geomonhystera 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Gerlachius 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Gnomoxyala 0 0 0 0 121 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Goffartia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Gomphionema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Graphonema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 




Greeffiella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Halalaimus 0 0 8 153 265 167 0 0 0 1 3 0 1748 1383 511 21 4 10 169 0 433 168 27 134 
Halichoanolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Haliplectus 0 0 0 15 193 156 6 0 0 3 0 0 66 26 11 0 0 0 0 0 22 0 0 0 
Hemicyclophora 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Heterocephalobus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Hirschmanniella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Hofmaenneria 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Hopperia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Hypodontolaimus 26 27 30 0 0 0 0 0 0 0 0 0 0 0 11 0 0 3 21 0 0 0 0 45 
Ironus 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Ixonema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Kraspedonema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Labronema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Laevides 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Lauratonema 0 0 0 199 217 178 0 0 0 0 0 0 0 0 0 0 0 0 0 38 22 63 0 67 
Leptolaimoides 0 0 0 0 0 0 0 0 0 0 1 0 111 78 57 0 4 0 0 0 0 0 0 0 
Leptolaimus 0 0 0 46 48 67 0 0 0 0 0 0 155 104 45 4 0 0 0 0 0 21 0 0 
Linhomoeus 0 0 0 0 0 22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Linhystera 0 0 0 0 0 0 6 0 0 0 0 0 22 0 11 11 25 14 42 0 22 0 40 22 
Litinium 0 0 0 0 0 0 0 0 0 0 0 0 22 0 0 0 0 0 0 0 0 0 0 0 
Longicyatholaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Marylynia 0 0 0 0 0 0 0 0 0 0 0 0 0 26 0 4 0 7 0 0 0 126 13 22 
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Megadesmolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Mesodorylaimus 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Mesorhabditis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Metacomesoma 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Metacyatholaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 52 0 0 0 0 0 0 0 0 0 0 
Metachromadora 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Metadasynemoides 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Metadesmolaimus 0 18 23 0 0 0 29 21 30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Metalinhomoeus 0 0 0 92 24 0 0 0 0 3 0 0 0 26 0 0 4 0 0 38 0 63 53 0 
Metaparoncholaimus 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Metasphaerolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Metoncholaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 131 23 0 0 0 0 0 0 0 0 0 
Microlaimus 6 0 0 169 217 22 0 0 0 0 0 0 22 0 0 0 4 0 21 0 0 84 438 290 
Molgolaimus 19 9 8 0 0 0 0 0 0 0 0 0 0 26 0 0 0 0 0 0 0 0 0 0 
Molgolotheristus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Monochoides 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Mononchulus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Mononchus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Monoposthia 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Monhystera 0 0 0 0 0 0 0 0 0 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Monhystrella 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Morlaixia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Mylonchulus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 




Nanolaimoides 0 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nemanema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Neochromadora 0 0 0 0 0 0 0 0 0 0 1 1 0 26 80 0 0 0 759 751 498 105 13 89 
Neotonchus 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nygellidae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nygolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Odontophora 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Omicronema 32 27 30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Onchium 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Oncholaimellus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Oncholaimidae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 45 
Oncholaimus 0 9 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Onyx 26 45 83 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Oxydirus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Oxystomina 0 9 0 15 0 33 12 0 7 1 7 0 0 26 0 0 4 10 0 0 0 0 0 0 
Pandolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paracanthonchus 123 143 99 107 555 279 0 0 0 0 0 0 66 183 68 4 0 0 0 0 0 0 0 22 
Paracomesoma 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paracyatholaimus 0 0 0 260 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Parachromadorita 0 0 0 15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paradesmocolex 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paraethmolaimus 0 0 0 92 0 22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paralinhomoeus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Paralongcyatholaimus 0 0 0 0 0 0 0 0 0 0 0 0 22 0 0 0 0 0 0 0 0 0 0 0 
Paramonhystera 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paramphidelus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paraplectonema 0 0 0 0 0 0 0 0 0 0 9 1 0 0 0 0 0 0 0 0 0 0 0 0 
Paraphanolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Parasphaerolaimus 0 0 0 0 0 0 17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Parastomonema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paravulvus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Parodontophora 0 0 0 0 0 0 531 908 536 11 1 2 420 626 284 190 278 586 21 0 108 42 40 89 
Pierrickia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Plectus 0 0 0 0 0 0 0 0 0 0 3 1 0 0 0 0 0 0 0 0 0 0 0 0 
Polygastrophora 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Polysigma 0 18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pomponema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Praeacanthonchus 0 0 0 0 0 0 0 0 0 0 0 0 89 0 0 0 0 0 0 0 0 0 0 0 
Prismatolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Procamacolaimus 0 0 0 15 24 45 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Prochromadora 0 0 8 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 
Prochromadorella 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Prodesmodora 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Prodorylaimus 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Promonhystera 6 0 38 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Prooncholaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 




Protorhabditis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pselionema 6 18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudochromadora 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 0 0 0 0 93 45 
Pseudolella 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 18 4 7 0 0 22 0 27 0 
Pseudosteinema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Psilenchus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pterygonema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ptycholaimellus 6 9 0 31 24 22 0 0 0 0 0 0 0 0 45 4 0 0 295 113 476 21 13 156 
Ptycholaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Phanodermopsis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Quadricoma 0 0 0 0 24 0 0 0 0 0 0 0 89 0 11 4 0 0 0 0 0 0 0 0 
Retrotheristus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Rhabdocoma 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Rhabdolaimus 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Rhinema 19 27 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Rhynchonema 0 27 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Rogerus 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Sabatieria 0 0 0 0 0 0 6 0 0 0 1 0 0 0 0 11 29 14 42 0 0 0 0 22 
Setoplectus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sigmophoranema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0 0 0 0 0 0 45 
Southerniella 0 0 0 0 0 0 0 0 0 0 0 0 89 26 0 4 0 0 0 0 0 0 0 0 
Spilophorella 0 0 0 0 0 0 0 0 0 0 0 0 89 52 0 0 0 0 42 150 151 0 0 22 
Spirinia 0 0 0 0 0 0 0 0 0 0 0 0 0 26 0 0 0 0 0 0 0 0 0 0 
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Sphaerolaimidae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sphaerolaimus 0 0 0 0 0 22 52 118 45 25 1 12 89 104 34 42 25 66 21 75 22 0 0 0 
Sphaerotheristus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Steineridora 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Stylotheristus 19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Subsphaerolaimus 0 0 0 15 0 11 0 21 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 
Synodontium 0 0 0 0 0 11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Synonchiella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Synonema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 22 0 0 0 
Syringolaimus 0 0 0 705 820 134 0 0 0 0 0 0 0 0 23 137 41 62 232 38 65 63 27 156 
Terschellingia 0 0 0 337 699 423 6 0 7 24 32 0 111 131 80 53 33 17 105 150 87 210 106 45 
Tubolaimoides 0 0 0 15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Tylencholaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Thalassionema 19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Thalassironus 0 18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Thalassoalaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 
Thalassomonhystera 338 492 387 0 145 33 35 0 15 8 1 2 0 26 11 60 65 31 21 0 65 210 199 201 
Theristus 13 63 76 0 0 0 76 502 573 4 0 2 66 26 0 317 699 507 211 150 43 84 119 67 
Trefusia 253 54 23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Tricoma 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Trichotheristus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Tridentula 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Tripyloides 0 0 0 0 48 33 0 0 0 1 1 5 0 0 0 0 0 0 42 38 65 21 13 22 




Trissonchulus 19 0 0 0 0 0 0 0 0 0 0 0 22 78 45 4 0 0 0 0 0 0 0 0 
Viscosia 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 3 21 0 0 0 0 0 
Wieseria 0 0 0 0 0 0 0 0 0 0 0 0 22 0 0 0 0 0 0 0 0 0 0 0 
Xenolaimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

















Appendix 6. The cluster analysis (Bray Curtis similarity) grouped replicates with all stations 
 





Appendix 7. Classification of the nematode feeding types (F.types) 
Genera F. types Genera F. types Genera F. types Genera F. types Genera F. types Genera F. types Genera F. types Genera F. types
Acantholaimus 2A Chromadora 2A Diplolaimella 1B Greeffiella 1A Metadesmolaimus 1B Oxydirus 2B Prodesmodora 2A
Acanthonchus 2A Chromadorella 2A Diplolaimelloides 2A Halalaimus 1A Metalinhomoeus 2B Oxystomina 1A Prodorylaimus 2B Stylotheristus 1B
Achromadora 2A Chromadorina 2A Diplopeltoides 1A Halichoanolaimus 2B Metaparoncholaimus 2B Pandolaimus 1B Promonhystera 1B Subsphaerolaimus 2B
Adoncholaimus 2B Chromadorita 2A Disconema 1A Haliplectus 1A Metasphaerolaimus 2B Paracanthonchus 2A Prooncholaimus 2B Synodontium 1B
Aegialoalaimus 1A Chromaspirina 2B Dolicholaimus 2B Heterocephalobus 1B Metoncholaimus 2B Parachromadorita 2A Protorhabditis 1B Paralongcyatholaimus 2A
Alaimella 1A Chronogaster 2A Doliolaimus 2B Hofmaenneria 1B Microlaimus 2A Paracomesoma 1B Pselionema 1A Paramonhystera 1B
Amphimonhystera 1B Clarkus 2B Dorylaimellus 2B Hopperia 2A Molgolaimus 1A Paracyatholaimus 2A Pseudochromadora 2A Synonchiella 2B
Amphimonhystrella 1B Clavicaudoides 2B Dorylaimopsis 2A Hypodontolaimus 2A Monhystera 1B Paraethmolaimus 2A Pseudolella 2B Synonema 2A
Anoplostoma 1B Cobbia 2A Drepanodorylaimus 2B Ironus 2A Monhystrella 1B Paralinhomoeus 1B Pterygonema 1A Syringolaimus 2B
Anticoma 1A Comesa 2A Eleutherolaimus 1B Ixonema 2A Monochoides 2B Paramphidelus 1A Ptycholaimellus 2A Terschellingia 1A
Anticyathus 1B Comesoma 1B Elzalia 1B Kraspedonema 2A Mononchulus 2B Paraphanolaimus 1B Quadricoma 1A Thalassironus 2B
Antomicron 1A Comesomoides 1B Endeolophos 2A Labronema 2B Mononchus 2B Paraplectonema 1B Retrotheristus 1B Thalassoalaimus 1A
Aphanonchus 1B Coninckia 1A Enoploides 2B Laevides 2B Monoposthia 2B Parasphaerolaimus 2B Rhabdocoma 1A Thalassomonhystera 1B
Araeolaimus 1A Cricolaimus 1A Enoplolaimus 2B Lauratonema 1B Morlaixia 1B Parastomonema 1A Rhabdolaimus 1B Theristus 1B
Ascolaimus 1B Cryptonchus 1B Ethmolaimus 2B Leptolaimoides 1A Mylonchulus 2B Paravulvus 2B Rhinema 2A Trefusia 1A
Astomonema 1A Cyartonema 1A Euchromadora 2A Leptolaimus 1A Nanolaimoides 1A Pareudesmoscolex 1A Rhynchonema 1B Trichotheristus 1B
Axonolaimus 1B Cyatholaimus 2A Eudorylaimus 2B Linhomoeus 2A Nemanema 1A Parodontophora 2B Rogerus 2A Tricoma 2A
Bathylaimus 1B Cylindrolaimus 1B Eumonhystera 1B Linhystera 1A Neochromadora 2A Phanodermopsis 1A Sabatieria 1B Tridentula(LUS) 2A
Belbolla 2B Daptonema 1B Eumorpholaimus 1B Litinium 1A Neotonchus 2A Pierrickia 1A Setoplectus 1A Tripyloides 1B
Bolbolaimus 2B Dasynemoides 2A Eurystomina 2B Longicyatholaimus 2A Nygellidae 2B Plectus 1B Sigmophoranema 2B Trissonchulus 2B
Boucherius 1A Deontolaimus 1B Gairleanema 2B Marylynia 2A Nygolaimus 2B Polygastrophora 2B Sinanema 2A Tubolaimoides 1A
Brevitobrilus 2A Desmodora 2A Gammanema 2B Megadesmolaimus 2B Odontophora 2B Polysigma 2A Southerniella 1A Tylencholaimus 2B
Calyptronema 2A Desmodoridae 2A Geomonhystera 1B Mesodorylaimus 2B Omicronema 1B Pomponema 2B Sphaerolaimidae 2B Udonchus 2A
Camacolaimus 2A Desmolaimus 1B Gerlachius 1A Mesorhabditis 1B Onchium 2A Praeacanthonchus 1B Sphaerolaimus 2B Viscosia 2B
Campylaimus 1B Desmoscolex 1A Gnomoxyala 1B Metachromadora 2B Oncholaimellus 2B Prismatolaimus 2A Sphaerotheristus 1B Wieseria 1A
Cephalobus 1B Dichromadora 2A Goffartia 1B Metacomesoma 1B Oncholaimidae 2B Procamacolaimus 2A Spilophorella 2A Xenolaimus 1B
Ceramonema 1A Diodontolaimus 2A Gomphionema 2B Metacyatholaimus 2A Oncholaimus 2B Prochromadora 2A Spirinia 2A Xyala 1B
Chiloplectus 1B Diplogaster 2B Graphonema 2A Metadasynemoides 1A Onyx 2B Prochromadorella 2A Steineridora 2A
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Appendix 8. The classification of nematodes found in the Mekong 
estuaries, South Vietnam according to Deley et al. (2006) from 
phylum to family level and according to Lorenzen (1981, 1994) 
and Eyualem – Abbe et al. (2006) below family level. 
 
Phylum NEMATODA Potts 1932 
  
   
Incertae sedis: 
   
Family Rhabdolaimidae Chitwood 1951 
     
Rhabdolaimus de Man 1880 
     
Rogerus Hoeppli & Chur 1934 
     
Sinanema Andrássy 1960 
  
ORDER BENTHIMERMITHIDA Tchesunov 1995 
   
Family Benthimermithidae Petter 1980 
     
Benthimermis Petter 1980  
Class ENOPLEA Inglis 1983 
 
Subclass  ENOPLIA Pearse 1942 
  
Order ENOPLIDA Filipjev 1929 
   
Family Alaimidae Micoletzky 1922 
     
Paramphidelus Andrássy 1977 
   
Family Anoplostomatidae Gerlach & Riemann 1974 
     
Anoplostoma Bütschli 1874 
   
Family Anticomidae Filipjev 1918 
     
Anticoma Bastian 1865 
   
Family Enchelidiidae Filipjev 1918 
     
Bathyeurystomina Lambshead & Platt 1979 
     
Belbolla Andrássy 1973 
     
Calyptronema Marion 1870 
     
Eurystomina Filipjev 1921 
     
Polygastrophora de Man 1922 
   
Family Ironidae de Man 1876 
     
Ironus Bastian 1865 
     
Syringolaimus de Man 1888 
     
Thalassironus de Man 1889 
     
Trissonchulus Cobb 1920 
     
Dolicholaimus de Man 1888 
   
Family Lauratonematidae Gerlach 1953 
     
Lauratonema Gerlach 1953 




   
Family Oncholaimidae Filipjev 1916 
     
Adoncholaimus Filipjev 1918 
     
Metaparoncholaimus De Coninck & Schuurmans-Stekhoven 1933 
     
Metoncholaimus Filipjev 1918 
     
Oncholaimellus de Man 1890 
     
Oncholaimoides Chitwood 1937 
     
Oncholaimus Dujardin 1845 
     
Prooncholaimus Micoletzky 1924 
     
Viscosia de Man 1890 
   
Family Oxystominidae Chitwood 1935 
     
Halalaimus de Man 1888 
     
Litinium Cobb 1920 
     
Nemanema Cobb 1920 
     
Oxystomina Filipjev 1921 
     
Thalassoalaimus de Man 1893 
     
Wieseria Gerlach 1956 
   
Family Phanodermatidae Filipjev 1927 
     
Phanodermopsis Ditlevsen 1926 
   
Family Thoracostomopsidae Filipjev 1927 
     
Enoploides Ssaweljev 1912 
     
Enoplolaimus de Man 1893 
     
Trileptium Cobb 1933 
   
Family Trefusiidae Gerlach 1966 
     
Rhabdocoma Cobb 1920 
     
Trefusia de Man 1893 
   
Family Tripyloididae Filipjev 1928 
     
Bathylaimus Cobb 1894 
     
Gairleanema Warwick & Platt 1973 
     
Tripyloides de Man 1886 
  
ORDER TRIPLONCHIDA Cobb 1920 
   
Family Pandolaimidae Belogurov 1980 
     
Pandolaimus Allgen 1929 
   
Family Prismatolaimidae Micoletzky 1922 
     
Prismatolaimus de Man 1880 
   
Family Tobrilidae De Coninck 1965 
     
Brevitobrilus Tsalolikhin 1981 
 




SUBCLASS  DORYLAIMIA Inglis 1983 
  
ORDER DORYLAIMIDA Pearse 1942 
   
Family Belondiridae Thorne 1939 
     
Oxydirus Thorne 1939 
   
Family Dorylaimidae de Man 1876 
     
Drepanodorylaimus Jairajpuri 1966 
     
Mesodorylaimus Andrássy 1959 
     
Prodorylaimus Andrássy 1959 
   
Family Qudsianematidae Jairajpuri 1963 
     
Labronema Thorne 1939 
     
Eudorylaimus Andrássy 1959 
   
Family Nygolaimidae Thorne 1935 
     
Clavicaudoides Heyns 1968 
     
Laevides Heyns 1968 
     
Nygolaimus Cobb 1913 
     
Paravulvus Heyns 1968 
   
Family Tylencholaimidae Filipjev 1934 
     
Tylencholaimus de Man 1876 
  
ORDER MONONCHIDA Jairajpuri 1969 
   
Family Cryptonchidae Chitwood 1937 
     
Cryptonchus Cobb 1913 
   
Family Mononchidae Chitwood 1937 
     
Clarkus Jairajpuri 1970 
   
Family Mononchulidae De Coninck 1962 
     
Mononchulus Cobb 1918 
   
Family Mylonchulidae Jairajpuri 1969 
     
Mylonchulus Cobb 1916 
      Class CHROMADOREA Inglis 1983 
  
 
Subclass CHROMADORIA Pearse 1942 
  
Order MONHYSTERIDA Filipjev 1929 
   
Family Chronogasteridae Gagarin 1975 
     
Chronogaster Cobb 1913 
   
Family Linhomoeidae Filipjev 1922 
     
Anticyathus Cobb 1920 
     
Desmolaimus de Man 1880 




     
Disconema Filipjev 1918 
     
Eleutherolaimus Filipjev 1922 
     
Eumorpholaimus Schulz 1932 
     
Linhomoeus Bastian 1865 
     
Megadesmolaimus Wieser 1954 
     
Paralinhomoeus de Man 1907 
     
Terschellingia de Man 1888 
   
Family Monhysteridae de Man 1876 
     
Diplolaimella Allgen 1929 
     
Diplolaimelloides Meyl 1954 
     
Eumonhystera Andrássy 1981  
     
Gammarinema Kinne & Gerlach 1953 
     
Geomonhystera Andrássy 1981  
     
Monhystera Bastian 1865 
     
Monhystrella Cobb 1918 
     
Thalassomonhystera Jacobs 1987 
     
Tridentellia Gerlach & Riemann 1973 
   
Family Siphonolaimidae Filipjev 1918 
     
Astomonema Ott Rieger Rieger & Enderes 1982 
     
Parastomonema Kito 1989  
   
Family Sphaerolaimidae Filipjev 1918 
     
Doliolaimus Lorenzen 1966  
     
Metalinhomoeus de Man 1907 
     
Metasphaerolaimus Gourbault & Boucher 1982  
     
Parasphaerolaimus Ditlevsen 1918 
     
Sphaerolaimus Bastian 1865 
     
Subsphaerolaimus Lorenzen 1978 
   
Family Xyalidae Chitwood 1951 
     
Ammotheristus Lorenzen 1977 
     
Amphimonhystera Allgen 1929 
     
Amphimonhystrella Timm 1961 
     
Cobbia de Man 1907 
     
Daptonema Cobb 1920 
     
Elzalia Gerlach 1957 
     
Gnomoxyala Lorenzen 1977 
     
Gonionchus Cobb 1920 
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Hofmaenneria Gerlach & Meyl 1957 
     
Linhystera Juario 1974 
     
Metadesmolaimus Schuurmans-Stekhoven 1935 
     
Omicronema Cobb 1920 
     
Paramonhystera Steiner 1916 
     
Paramonohystera  Sterner 1916   
     
Promonhystera Wieser 1956 
     
Pseudosteineria Wieser 1956 
     
Retrotheristus Lorenzen 1977 
     
Rhynchonema Cobb 1920 
     
Scaptrella Cobb 1917 
     
Sphaerotheristus Timm 1968 
     
Stylotheristus Lorenzen 1977 
     
Theristus Bastian 1865 
     
Trichotheristus Wieser 1956 
     
Valvaelaimus Lorenzen 1977 
     
Xenolaimus Cobb 1920 
     
Xyala Cobb 1920 
  
ORDER ARAEOLAIMIDA De Coninck & Schuurmans Stekhoven 1933 
   
Family Axonolaimidae Filipjev 1918 
     
Ascolaimus Ditlevsen 1919 
     
Axonolaimus De Man 1889 
     
Odontophora Butschli 1874 
     
Parodontophora Timm 1963 
     
Parodontophora sp1 
     
Parodontophora sp2 
     
Pseudolella Cobb 1920 
     
Synodontium Cobb 1920 
   
Family Comesomatidae Filipjev 1918 
     
Acantholaimus Allgén 1933 
     
Comesoma Bastian 1865 
     
Comesomoides Gourbault 1980 
     
Dorylaimopsis Ditlevsen 1918 
     
Hopperia Vitiello 1969 
     
Metacomesoma Wieser 1954 
     
Paracomesoma Hope & Murphy 1972 




     
Pierrickia Vitiello 1970 
     
Sabatieria de Rouville 1903 
     
Vasostoma Wieser 1955 
   
Family Coninckiidae Lorenzen 1981 
     
Coninckia Gerlach 1956 
   
Family Diplopeltidae Filipjev 1918 
     
Araeolaimus de Man 1888 
     
Campylaimus Cobb 1920 
     
Cylindrolaimus de Man 1880 
     
Morlaixia Vincx & Gourbault 1988 
     
Southerniella Allgen 1932 
   
Family Halaphanolaimidae De Coninck & Schuurmans Stekhoven 1933 
     
Aphanonchus Coomans & Raski 1991 
  
ORDER CHROMADORIDA Chitwood 1933 
   
Family Achromadoridae Gerlach & Riemann 1973 
     
Achromadora Cobb 1913 
   
Family Chromadoridae Filipjev 1917 
     
Chromadora Bastian 1865 
     
Chromadorella Filipjev 1918 
     
Chromadorina Filipjev 1918 
     
Chromadorita Filipjev 1922 
     
Dichromadora Kreis 1929 
     
Endeolophos Boucher 1976 
     
Euchromadora de Man 1886 
     
Graphonema Cobb 1898 
     
Hypodontolaimus de Man 1886 
     
Karkinochromadora Blome 1982 
     
Neochromadora Micoletzky 1924 
     
Parachromadorita Blome 1974 
     
Prochromadora Filipjev 1922 
     
Prochromadorella Micoletzky 1924 
     
Ptycholaimellus Cobb 1920 
     
Spilophorella Filipjev 1917 
     
Steineridora Inglis 1969  
   
Family Cyatholaimidae Filipjev 1918 
     
Acanthonchus Cobb 1920 
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Cyatholaimus Bastian 1865  
     
Kraspedonema Gerlach 1954 
     
Longicyatholaimus Micoletzky 1924 
     
Marylynnia Hooper 1977 
     
Metacyatholaimus Stekhoven 1942 
     
Nanolaimoides Ott 1972 
     
Paracanthonchus Micoletzky 1924 
     
Paracyatholaimus Micoletzky 1922 
     
Paralongicyatholaimus Schuurmans-Stekhoven Stekhoven 1950 
     
Pomponema Cobb 1917 
     
Praeacanthonchus Micoletzky 1924 
   
Family Ethmolaimidae Filipjev & Schuurmans Stekhoven 1941 
     
Ethmolaimus de Man 1880 
     
Paraethmolaimus Jensen 1994 
   
Family Neotonchidae Wieser & Hopper 1966 
     
Comesa Gerlach 1956 
     
Gomphionema Wieser & Hopper 1966 
     
Neotonchus Cobb 1933 
   
Family Selachinematidae Cobb 1915 
     
Cheironchus Cobb 1917 
     
Gammanema Cobb 1920 
     
Halichoanolaimus de Man 1886 
     
Latronema Wieser 1954 
     
Synonchiella  Cobb 1933 
  
ORDER DESMODORIDA De Coninck 1965 
   
Family Aponchiidae Gerlach 1963 
     
Synonema Cobb 1920 
   
Family Desmodoridae Filipjev 1922 
     
Chromaspirina Filipjev 1918  
     
Desmodora de Man 1889 
     
Metachromadora Filipjev 1918 
     
Molgolaimus Ditlevsen 1921 
     
Onyx Cobb 1891 
     
Perspiria Wieser & Hopper 1964 
     
Spirinia Gerlach 1963) 
     
Polysigma Cobb 1920 




     
Prodesmodora Micoletzky 1923 
     
Pseudochromadora Daday 1899  
     
Sigmophoranema Hope and Murphy 1972 
     
Spirinia Gerlach 1963 
   
Family Microlaimidae Micoletzky 1922 
     
Bolbolaimus Cobb 1920 
     
Ixonema Lorenzen 1971 
     
Microlaimus de Man 1980 
   
Family Monoposthiidae Filipjev 1934 
     
Monoposthia de Man 1889  
     
Rhinema Cobb 1920 
  
ORDER DESMOSCOLECIDA Filipjev 1929 
   
Family Desmoscolecidae Shipley 1896 
     
Desmoscolex Claparede 1863 
     
Greeffiella Cobb 1922 
     
Tricoma Cobb 1894 
     
Quadricoma Filipjev 1922 
   
Family Meyliidae De Coninck 1965 
     
Boucherius Decraemer & Jensen 1982 
     
Gerlachius Andrássy 1976 
   
Family Cyartonematidae Tchesunov 1990 
     
Cyartonema Cobb 1920 
     
Paraterschellingia Kreis in Schuurmans Stekhoven 1935 
  
ORDER PLECTIDA Malakhov 1982 
   
Family Aegialoalaimidae Lorenzen 1981 
     
Aegialoalaimus de Man 1907 
     
Diplopeltoides Gerlach 1962 
   
Family Ceramonematidae Cobb 1933 
     
Ceramonema Cobb 1920 
     
Dasynemoides Chitwood 1936 
     
Metadasynemella De Coninck 1942 
     
Metadasynemoides Haspeslagh 1973 
     
Pselionema Cobb 1933 
     
Pterygonema Gerlach 1954 
   
Family Haliplectidae Chitwood 1951 
     
Haliplectus Cobb 1913 
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Setoplectus Vitiello 1971 
   
Family Leptolaimidae Örley 1880 
     
Alaimella Cobb 1920 
     
Deontolaimus de Man 1880 
     
Onchium Cobb 1920 
     
Procamacolaimus Gerlach 1954 
     
Antomicron Cobb 1920 
     
Camacolaimus de Man 1889 
     
Cricolaimus Southern 1914 
     
Dagda Southern 1914 
     
Diodontolaimus Southern 1914 
     
Leptolaimoides Vitiello 1971 
     
Leptolaimus de Man 1876 
     
Paraphanolaimus Micoletzky 1923 
     
Paraplectonema Strand 1934 
   
Family Paramicrolaimidae Lorenzen 1981 
     
Paramicrolaimus Wieser 1954 
   
Family Plectidae Orley 1880 
     
Chiloplectus Andrássy 1984 
     
Plectus Bastian 1865 
   
Family Tubolaimoididae Lorenzen 1981 
     
Tubolaimoides Gerlach 1963 
  
ORDER RHABDITIDA Chitwood 1933 
   
Family Cephalobidae Filipjev 1934 
     
Cephalobus Bastian 1865 
     
Heterocephalobus Brzeski 1960  
   
Family Diplogasteridae Micoletzky 1922 
     
Diplogaster Schultze in Carus 1857 
     
Goffartia Hirschmann 1952 
     
Monochoides Rahm 1928 
   
Family Hemicycliophoridae Skarbilovich 1959  
     
Hemicycliophora de Man 1921  
   
Family Mesorhabditidae Andrássy 1976 
     
Mesorhabditis Osche 1952 (Dougherty 1953) 
   
Family Pratylenchidae Thorne 1949 
     
Hirschmanniella Luc and Goodey 1963 




   
Family Rhabditidae Örley 1880 
     
Protorhabditis (Osche 1952) 
   
Family Tylenchidae Örley 1880 
     
Psilenchus de Man 1921 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
